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A SHORT RESUME
OF THE

RESEARCHES INTO THE EUROPEAN
RAGES OF HERRINGS

AND THE

METHOD OF INVESTIGATION.

By H. Chaeles Williamson, M.A., D.Sc, F.R.S.E.,

Marine Laboratory, Aberdeen.

At the present time the races of herrings are about to be investigated

by the International Committee for the Exploration of the North Sea.

It may therefore be of advantage to review the work done on
this subject by Heincke and Matthews.

I propose to give in the form of extracts from their works, the

opinions of these investigators regarding the problem, the methods
by which they tested the theory, and the results. Heincke dealt

with the herrings of the North Sea, Baltic Sea, and Wliite Sea.

Matthews' work is confined to Scottish herrings.

Professor Heincke * has divided the herrings of Europe into

several races.

He defines a race as follows :

—

" A race clearly constitutes such shoals as deposit their eggs at

the same time of year on spawning-beds situated more or less near
to one another, and having bottom and water of a similar nature.

The shoals, after spawning, disappear, and return the following year
at the same time and in a similar ripe condition "

(p. xi).

Heincke calls " a number of individuals which live under similar

outer conditions, and which are in direct sexual intermixture and
thereby of blood relationship, a race (family, stock) "

(p. xliv).
" The races of herring differ from one another in very many

particulars, and generally in these characters in which the species

of the genus Clupea differ from one another "
(p. xxii).

" The differences between the races are small ; as a rule not so

large as we find in the different species of Clupea ; but they are

no less sharply and characteristically impressed. Each individual

* Heinekc, F., " Naturgcschichtc dos Herings."' Ahhand. Dent. Seefischcrei-
Vereins. Bd. ii. Heft 1. Berlin. 1898.
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therefore bears the distinct stamp of its race or stock ; and that is

the case not only in respect to a certain few particulars of its body,

but, as one must admit, in all particulars, and at every stage of its

development. A race can be recognised by the outer dimensions

of the body as well as by the structure of the vertebral column, the

form of the skull, or the special phases of its development

"

(p. Ivii).

" The individuals of a race are in each character, as much as in

the combination of all their characters, the fortuitous phases of an

ideal type, which is exhibited in the averages of all the characters

of all the individuals, and under supposition of a fixed amount of

variation in each character "
(p. xliv).

" All the individuals of a race have the same average devia-

tion from the ideal type, but each is another permutation of the

same series of deviations. The sum of the squares of the deviations

from the race-type is the same for all, and is at the same time a

minimum "
(p. xliv).

" The head is much better adapted for the recognition of typical

racial differences, which consist in the legitimate combination of

numerous single characters, than the other parts of the body, because

it is formed of many skeleton parts "
(p. 210).

" Racial differences are found in the skull : they are not inferior

to those observed in the races of man. The extreme brachycephalous

skull of the Iceland herring has its antithesis in the impressed

dolichocephalous skull of the spring-herring of the Eastern Baltic
"

(p. Iviii).

Heincke's " attempt to draw up a natural grouping of the European
herring-races shows that the difference between the coast-herrings

and the sea-herrings must be deeply grounded in the constitution

of the fish ; it is with few exceptions associated with a difference in

the time of spawning. The sea-herrings are summer- or autumn-
spawners ; the coast-herrings, winter- or spring-spawners " (p.

Ixvii).

" The spawning - shoal must be the starting-point of Race-

Investigation : it is therefore necessary to examine as many spawning-

shoals as possible "
(p. xi).

" If the spawning-shoals which seek out the Schlei in the spring

of each year are really the representatives of a special herring-race,

defined b}'- the fixed physical conditions of their dwelling-place,

they must show the same race-characters from one year's end to

another. To prove or refute this it will be necessary, in renewed
research, to get spawning-shoals in different years, and if possible

after an interval long enough, to avoid examining the same generation

of the race as on the previous occasion "
(p. xi). •

" If spawning-shoals having the same race-characters appear

yearly in the Schlei,'" Heincke concludes "that the fry of the Schlei

herrings, when they have grown up to maturity, are accustomed

to return to their birthplace to spawn "
(p. xxvii).

" It is probable that the herrings in early youth live in shoals,

which are composed of individuals pretty much of one age, since

they were born on one spot and within a short spawning period.

It is probable that a mixing of shoals of different ages occurs seldom,

and then only for a short time. One may, therefore, conclude that
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the majority of the indivrduals whicli compose a spawning-shoal

are pretty much of the same age, paiticuUirly if tliey vary only
slightly in size. If such a shoal be chosen, it will probably be possible

to determine the family variation accurately enough without
correction "

(p. 88).
" The herring is a species restricted neither to water of a

particular quality (salinity and temperature) nor to a specially fixed

kind of food "
(p. x).

All Heincke's " observations go to show that there must be

a close connection between tlie characteristic peculiarities of the

herring-race and the special physical and biological conditions of

its dwelling-place "
(p. Ixxi).

" The salinity of the water has long been regarded as having
the power of altering and limiting the form of marine animals

"

(p. Ixxii).

" x\.s a rule, races Avhich are geographically widely separated, or

better still, which are occupying regions whicli have physical dis-

similarities {i.e. dilTerent environment), differ more in certain

particulars than those which live together "
(p. xxii).

" In going from west to east the salinity of the sea-water of

the Baltic decreases, and this change is accompanied by a lessening

of the constitutional size of the spawning lierring, a reduction in

the number of vertebrae and in the breadth of the skull, a shortening

of the trunk, and increases in the lengths of the head and tail and
of the distance between the dorsal and ventral fins. Are these

significant peculiarities to be actually assigned to the direct or

indirect operation of the lowei'ed salinity ? "
(p. Ixxii).

" The herrings with the largest constitutional size, and with it

the greatest number of vertebrae, live on the coast of the northern

part of the North Sea, Norway, and Iceland. They are perhaps
exposed directly to the influence of the salt ocean water (of the Gulf

Stream). Is there here also a direct connection ? "
(p. Ixxiii).

" The herrings of the upper part of the Gulf of Bothnia may be

ripe when 125 mm. long "
(p. Ixiv), whereas the smallest recorded

mature Scottish herring was 170 mm. long.
" Herrings which grow up in very warm, shallow, brackish water,

and, for example, in the Schlei and Zuider Zee, have an extremely
low number of vertebrae to the first hajnial arch. Is this a direct

consequence of the special conditions under which the fry develop ?
"

(p. Ixxiii).

Heincke described the various races by means of measurements
made on the body. As many as sixty-three different characters

(p. T-l) were noted from time to time. The following characters

seemed to be of main value :

—

1. Total length, viz., RT. (Fig. 1). It is measured on the

principal axis of the body. The principal axis {Pa), is the line drawn
from the anterior point of the lower jaw, when the mouth is closed,

to the middle of the fork of the tail-fin. The end of the length-

measurement, viz., T, is the intersection of the principal axis by the

line at right angles to it. The latter cuts the lower ramus of the
tail (which has been spread out in its greatest natural extension)

a little in front of the apex, and passes the upper lobe a little behind
the apex.
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2. Size at maturity.

3. Distance of the dorsal fin fioni the end of the lower jaw (mouth
closed). RD (Fig. 1).

4. Distance of the ventral fin from the end of the lower jaw
(mouth closed). RV (Fig. 1).

5. Distance of the anus from the end of the lower jaw (mouth
closed). RA (Fig. 1).

6. Length of the base of the anal fin.

7. Length of the base of the dorsal fin.

8. Lateral length of head, viz., from the point of the lower jaw
to the hindmost point of the gill-cover. Icpl. (Fig. 1).

9. Form of snout.

10. Upper length of skull. Icr. (Fig. 2).

Fig. 2.—After Heincke. Measurements made on Clivjjea harenyas. Skull.

Fig. 3.—After Heincke. Measurements
made on CliipeK hareiigits. Skull.

IL Breadth of skull, e.g. It. or. ocl., and It. cr. op. (Fig. 2).

12. Shape of head. Length-breadth index of the skull.

13. Length of trunk.

14. Length of tail.
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15. Size of the eye. Greatest horizontal diameter of the eye-

bulb.

16. Distance between the dorsal and ventral fins.

17. Number of rays in the ventral fin.

18. Number of vertebrae. The last vertebra counted is the first

vertebra that distinctly bends upwards.
19. Number of vertebrae to the first haemal arch.

20. Number of tail-vertebrae.

21. Number of keel-scales between the ventral fin and the anus.

22. Breadth of operculum.

Complete sizes, with the exception of the total length, were
measured in a straight line by means of callipers.

The greater errors are those of measurement, made, for example,
on fresh or spirit-preserved specimens. All the errors are large

when made on soft parts.

Method of Treating the Measurements.

All the measurements are expressed as percentages of certain

body-dimensions, e.g. total length, or lateral length of the head, or

the upper length of the skull (p. 80).

The average size of each character is calculated for the group
of herrings examined. The average for the whole race is approxi-

mately deduced by the aid of the curve of probability. Two quantities

(the fluctuations of the mean) are obtained, between which the mean
for the race is supposed to lie. If the fluctuations of the mean
for a character in two shoals of herrings do not overlap, the character

is considered to be racially distinct in the two shoals.
" The application of the method of combined characters to the

different herring-races which have been so far investigated yields

a sure natural system, which is sketched below" (p. lix.) Heincke
remarks that the system is only a provisional one.

Heincke distinguished among the European herrings the following

ten groups, some of which consisted of more than one race :

—

1. Herrings of Iceland.

2. Spring-herrings of Norway.
3. Spring- and coast-herrings of the northern part of the North

Sea and of the Skagerak.

4. Spring- and coast-herrings of the southern part of the North
Sea and west part of the Baltic including the Kattegat.

4a. Spring-herrings of Kiigen.

5. Autumn- or sea-herrings of the northern part of the North
Sea, including the Skagerak and Kattegat. Northern bank-herrings.

6. Autumn- or sea-herrings of the southern part of the North
Sea. Southern bank-herrings.

7. Autumn- or sea-herrings of the Baltic. Baltic bank-herrings.

8. Spring-herrings of the eastern part of the Baltic.

9. Herrings of the English Channel.

10. Herrings of the White Sea.
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The Investigation by Matthews.

Matthews * tested the problem of the existence of races among
the Scottish herrings.

He used a similar method to that adopted by Heincke, but he

made the comparison between the shoals by the aid of the observed

averages of the measurements. He examined 1100 herrings.

The characters selected by Matthews were :

—

1. Length. The length was the distance from the tip of the lower

jaw, when the mouth was closed, to the point where the silvery sub-

epidermic layer covering the body terminates. The latter point was

called the base of the caudal fin.

The fish was, on arrival, placed on a sheet of paper in such a

position that a straight line would run through the tip of the closed

lower jaw and the fork of the tail. A pencil was carried round the

fish, so that a rough but fairly accurate life-size sketch was formed

of it. The following points were then accurately marked of? :

—

2. Anterior end of the mandible.

3. ,, ,, ,, premaxilla.

Jr. Centre of the eye.

5. Back of head, of supra-occipital bone, which has an almost

straight posterior border. This forms a much better standard of

length of the head than the length of the side of the head, which

includes the opercular bone—liable to considerable alteration in

position from various causes.

6. Base of anterior ray of dorsal fin.

7. Base of posterior ray of dorsal fin.

8. Termination of the tail (as described above).

9. Tip of the caudal fin.

10. Base of the posterior ray of the anal fin.

11. Base of the anterior ray of the anal fin. This point has

nearly alvv^ays the same relative position with regard to the anus,

any difference being more apparent than real, occurring especially

during the spawning season from the enlarged and tumid condition,

and from its contracted state in the spent condition.

12. Base of the first ray of the pelvic fin.

13. End of the branchiostegal membrane.
14. Articulation of the lower jaw.

15. Number of rays in the dorsal fin.

16. ,, ,, ,, anal fin.

17. ,, ,, ,, caudal fin.

18. ,, ,, ,, pectoral fin,

19. ,, ,, ,, pelvic fin.

20. Number of keeled scales.

The condition of the reproductive organs was noted.

The measurements were all reduced to ratios of the length of

the fish.

The fishes were all perfectly fresh when measured. They had

* Matthews, J. U., "Report as to Variety among the Herrings of the Scottish
Coasts." Pt. I. ith. Aimwil lieport of the Fishery Board for Scotl^nid lor 1885. (1886.)
P. 61. Pt. II. 5th Annual Report of the Fishery Board for Hcotlund for 1886. (1887.)
P. 295.

h
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been taken by fishermen at various places round tlie Scottish coast

during spring, summer, and winter.

Matthews found " that fishes of the same length and as nearly as

possible of the same bulk differed as to their dorsal and anal fins,

not only in the position of these relatively to the length of the body,

but that the fins themselves varied both as to the length of their

bases and also in respect to the respective lengths of the individual

rays measured from their bases to their tips ; a circumstance due
not only to the different amount of wear they had undergone, which
is probably slight, but also to absolute difference in the amount of

their development, increased, as it likely is, by the difference in age

of the fish. In several cases it was clear that the length of the caudal

fin was affected by wear or by injury received after the capture of

the herring. But a far greater difference was found in the actual

length of the caudal fin-rays as measured from their proximal ends,

and also from the termination of the intervening and supporting

hypural bones in herrings as nearly alike as possible in the length

and bulk of their bodies."
" It was evident also that the fishes were subject to very con-

siderable variation in the position of the lobes of the caudal fin,

caused aj)parently by the amount of muscular contraction after

death, and as a consequence of this, there of course resulted a con-

siderable degree of variation in the total length of the fish (sometimes

as much as 10 mm.), according to whether the lobes were approximated

so as to be nearly in a straight line behind the body, or were widely

spread."
" The depth of the mature herring caught during or near to the

time of spawning is almost wholly influenced in its extent by the

condition of the reproductive organs, and so many variable degrees

of these are found that any measurement of the depth of the body

proper is most unsatisfactory as a test of the size of the fish. There

is, however, a point which gives a fair index of the size of the fish

in this respect, and which is but very little affected by the size of

the generative organs. This is the depth of the fish at the anterior

end of the body in a line with the back of the head, the upper point

being fixed by the dorsal surface of the supra-occipital bone, the

lower by the ventral edges of the clavicles."

Size of the Fish.—" We can scarcely distinguish, as regards size,

the herring of any particular locality, or perhaps even seasons, by a

preference over the others without further confirmatory evidence,

such as miglit be brought out by an examination of differences in

other characters and the common presence of one or more of such,

specially in the fish of any one place or season.

Length of the Head.—" The measurement of the length of the

head in comparison to the total length is extremely variable. If we

do not consider the slight difference in total length found between the

winter- and summer-herrings sufficient to indicate a distinct variety,

neither is there stronger evidence from the length of the head."'

Position of the Pectoral Fin.—" There seems to be little difference

in the position of this fin on the summer- and winter-herrings, the

winter-fish having it, if anything, slightly farther back than the summer-

fish."

Position of the Pelvic (Ventral) Fin.—" The pelvic fin of the winter-
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lierijng is in the majority of instances placed further forward than

hi the suniiuer-fish."

Position of Dorsal Fin.—" It appears that, as the herring grows,

the centre of the length of the body comes forward, or, in other words,

there is a greater increase in length between the centre of the dorsal

fin and the liead than between that point and the tail. It does not

seem possible to find any special law regulating the position of the

dorsal fin among tlie summer-herrings so far as locality is concerned."

Position of the Anal Fin.—" In finding the position of the first

anal ray we are ascertaining the position of the anus. The circum-

stance that the anal fin holds as a general rule a more backward
position on the summer-herring than it does among those of winter

fairly entitles us, I think, to look upon the suggestion of the difference

in relative position of the dorsal fin being distinctive of the fish of

these seasons as substantiated."

Length of the Dorsal and Anal Fins.—" Tlie average of the absolute

length of both dorsal and anal fins was greater among the winter-

tlian among the summer-herrings,—a circumstance possibly due
only to the rather larger size of the winter-fish."

Number of Rays in the Dorsal and Anal Fins.—Matthews' " observa-

tions of the number of rays in the fins, so far as they went, gave no
indication of any special distinction in this respect between the

herrings of winter and summer. There seems to be a slight tendency
towards an increase in the number of rays (always excepting those

of the pelvic and caudal fins) as the herring grows larger. The
number of rays in the dorsal and anal fins does not seem to much
affect their basal lengths."

Keeled Scales.—Matthews' " observations did not so far enable

him to detect such a difference between the respective numbers of

the keeled scales as Heincke has done in the Baltic herring, and
which enables him to quote them as of racial distinction."

Sexual Differences.
—" No difference in regard to the size of the

head, size of the fish, etc., was discovered between the male and
female herrings."

Variation in Size of the Ripe Ova.—" The ripe ova showed an
increase in their average size corresponding to increase in the size

of the fish. It seemed " to Matthews " that the variable size both
of the spawning-herring as well as of their ova probably has a con-

siderable effect on the ultimate size of their progeny, but one can
scarcely institute a special case of variety on these grounds alone

if the smaller fish have every other characteristic in common with
the larger herring. The ova of one herring is almost certain to be
fertilised by several males."

" Without a more critical examination than has yet been made
it would be unwise to speak definitely on the question of variety

among the herrings of our coasts. The only evidence as yet found
from the present investigation in favour of such a distinction between
the summer- and winter-herrings consists in the more posterior position

of the dorsal, pelvic, and anal fins, the undoubtedly smaller head,
and the slightly lesser size of the summer-herrings."

" While suggesting, therefore, that there is a certain distinction

between our summer- and winter-herrings," Matthews was " in-

disposed to consider the matter as conclusively proved \vithout the

c
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facts being submitted to a more mimite analysis." He felt " safer

in declaring that there is no racial distinction between the herrings

frequenting the different localities on the Scottish coasts."

Matthews, in the second part; of his paper discussing the com-
parison of the herrings by means of combinations of characters :

—

" The further examination of the characters already dealt with,

but taken in combination, with one or more others, doe.5 not seem to

so seriously affect the results recorded in the first part of the paper
as to alter the probability of the conclusions arrived at ; but it

must be remembered that so far as they go they slightly tend to

reduce the probability of the distinction of S]3ecies [? race] considered

to exist between the winter- and summer-herrings."
" The only combinations which, in the comparatively narrow

variations recorded, have much interest, or indeed are common
enough to be of any value, are those of two characters. Wlien the

combination of certain definite conditions in more than two
characters on the same fish is looked for, the number of individuals

having what may be called the normal state of these combination

is so much reduced as to lead to results of no special value."
" We have in most of the characters a more or less common

ground of variation, i.e. a region in which the character appears so

commonly as to be entitled to the term ' normal,' and an extreme

of variation on one or both sides of this and more or less great."
" Taking the summer- and wintpr-fish separately, or both com-

bined, we invariably find that the majority have a central ground

of variation, while the numbers decrease gradually to the extreme

on each side of this common area. Had a considerable portion of

the fish been found showing an extreme of two or more characters

while another set presented a markedly separate condition, it would

be almost certain evidence of racial distinction, but none such is

to be found in the herrings examined."
" The examination of a large number of the different combinations

in which two characters are found on the individual fish led

"

Matthews " to the conclusion that no racial distinction is shown
by these alone, i.e. when the season in which they were caught

is ignored, for there is a gradation towards each extreme of the

variations which connects all the fish together."
" When we come to a combination of more than two characters,

the third character is found so scattered throughout the combinations

of the others that no value can be placed on it."

" The position of the pectoral fin varies indiscriminately and

irrespective of the condition of the dorsal and anal, and is therefore

not of racial value."
" The shorter of the sexually mature fi,sh are found, as a rule, to

have the longer head. This is found to occur in both the summer-

and winter-herrings. It seems quite clear that the decrease in the

proportional length of the head to the length of the body is a result

of increase of size, and presumably therefore of the age of the herring,

and is not an indication merely of variety."
" In all the cases examined the total length of the vertebral column

was carefully measured, the result showing conclusively that its total

length was unaffected by the number of vertebrae."

Matthews refers " to the mistake of supposing that herrings are
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of a different race, because after a single season's examination they

are seen to be, in general size or otherwise, different from those of

another locality about the same time or at difTerent seasons. To
decide as to this effectually, continuous observations over several

seasons is essential, and" he was conscious "that, in this respect."

his " own observations, although they had extended over three years,

were still insufficient : but at least they indicate how changed, in of

course a limited degree, the herrings of one and the same locality but

of different years may be. Much safer it is, where the difference

between individuals is so slight or so obscurely separated as not to

permit of a short examination clearly demonstrating its racial origin,

to doubt rather than infer its accuracy.'' He felt " pretty sure that the

variations just referred to are not permanent, but are due to the vary-

ing conditions of food and temperature affecting the young herring,

as well as to the probable variability in size and age of its parents."
" The conclusion at which " he arrived " from these observa-

tions was that there is no true racial difference between the herrings

of the various localities around our coasts ; and while the investiga-

tion points towards a distinction between the herrings frequenting

our shores in summer and winter, it is so small, not only in its actual

extent, and more especially in the circumstance that there is no sharp

line of distinction between the two, but that many of the summer-
herring are found to be marked by the same characteristics as those

of the winter, that he did not feel justified from the investigation in

considering this to be a well-proved fact."

Jenkins discusses Heincke's separation of the spring- and autumn-
spawning herrings.

Suggestions as to Future Work.

Heincke has shown that races exist among the herrings of Europe.

The problem is to extend and confirm his observations.

It is not possible to say what is the best method to follow in in-

vestigating the race-problem. It may happen that a method which
is useful in separating two races which occupy very dissimilar en-

vironments may not be of equal value in separating shoals which live

under conditions that differ only slightly.

It is probably well to carry out the investigation on lines similar

to those adopted by Heincke and Matthews, i.e. by means of a com-
parison made through body-measurements, enumeration-characters,

etc.

Heincke recommended that the spawning-shoal be taken as the

starting-point for race-investigation, and there can be no doubt this

is the correct method. The adoption of this condition would furnish

fishes all of one class, and fully comparable inter se.

The fishes should be spawning, or " full " fishes. Five hundred fishes

is suggested as the number that would give a suitable sample of the

shoal, but a larger number would probably be advantageous. Spawn-
ing herrings are those in which the reproductive organs are so far ripe

that the ova and milt issue by the genital pore when the abdomen is

gently pressed. In the event of spawning herrings not being available,
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full herrings got near the spawning-ground should be taken. A
herring is full when the ovary or testis is large enough to fill up the

abdomen and give the latter a firm, resistent feel. The term " full
"

may be conveniently restricted to females in which the eggs are 1"0 mm.
and over in diameter and to males in which the testis is 2 cm. and
over in breadth. Small males were full although the testis did not

reach that breadth. For example, one full herring 17 cm. in length

had a testis 1 cm. in breadth. The herrings should be all. taken from
one shot, or from one fishing made at the spot. Full and spawning
herrings should be dealt with separately.

The herrings should not be measured while they are in rigor mortis.

They should be preserved in formaline. Cold storage might be pre-

ferable, but that is not always available. The following method of

preservation suggests itself. The fishes should first of all be placed

loosely in troughs containing formaline solution (1 per cent, of formal-

dehyde in fresh water), care being taken to avoid distortion of the fishes

as far as possible. After being one day in the troughs the herrings are

to be removed and laid out, being straightened if necessary, on boards

with their left side upwards. They are left there for twenty-four

hours. They are then returned to the troughs, which have been

supplied with fresh formaline solution. A knife cut about 1 cm.

long should be made through the abdomen about the level of the

pectoral fins. The knife should pass right through the fish, through

the stomach or pyloric caeca.

In order to test the effect on the measurements of the preservation

of the fish in formaline, a series of characters were measured on six

fresh herrings. The fishes were thereafter preserved in formaline

solution (1 per cent, formaldehyde in fresh water) for twenty-three days.

They were then remeasured, and the results are shown in the accom-
panying table. The letter " A " refers to the measurements made on
the fresh fishes, and " B " to these made on the preserved fishes.

[Table.
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The flesh of the fish was swollen as a result of the ^^reservation.

While some of the measurements are altered to a substantial

amount, others are little, or not at all changed.

The condition compares favourably with the effect of cold-storage.

Six mackerel were used to test the effect of freezing the fish. They

were frozen and kept in a cold store for twenty-five days. Measure-

ments made before and after freezing are detailed in a table, published

in the Eighteenth Annual Keport of the Fishery Board for Scotland,

Part III., page 300. I have extracted the particulars dealing with

certain characters which are comparable in the two series (herring and

mackerel), and they are set out in the following table.

Table showing the alteration in measurement due to preservation in

formaline in the case of Herring, and of freezing in cold store

. in the case of the Mackerel.

Character.
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The dift'erences are, on the whole, not very large : in some cases

identical measurements were obtained. The differences are due to

slight alterations in the body of the fish. It is probably not possible

to make the true measurement, because the fish, when laid on its

side, is contorted slightly. In the case of the mackerel instances

occurred where a character had different sizes on the two sides of

the fish.

Certain characters must be noted on the fishes in a fresh condition.

These characters are Nos. XXXI., XXXII., XXXV., and XXXVI.,
p. 21, and with them the length of the fish should be noted. An
additional number of herrings (100 at least) should be used for this

pm'pose. In the case of fishes which are preserved in formaline, it

is difficult to separate the flesh from the skeleton. If the fish be

boiled the skull becomes distorted.

Drift net herrings are often injured. Where this is evident the

fishes should be rejected, so far as the measurements that are likely

to be affected therebv are concerned.

Eacial Description.

The herrings are to be racially described by the body-characters.

These are of two kinds, viz. (1) Measurements on the outside of the

body and on parts of the skeleton, and (2) Enumeration-characters,

etc.

In order that the results obtained by different writers be com-

parable, it is important that the same list of characters should be

adopted by all the investigators, or that there should be a minimum
of common cliaracters, while each investigator might add thereto

whatever additional characters he might regard as suitable. The

larger the number of characters selected the better.

Further, in the case of the body-measurements, a uniform system

of measurement should be adopted. It is not possible to have very

minute accuracy in measuring soft bodies : it is well, therefore, to

reduce as much as possible the tendency to error, and with that end

in view I would suggest the use of the measuring-board * shown in

Figs. 5 and 6. By its means the distance of a point from the tip of

the lower jaw is given as the projection of the distance on the principal

axis.

Characters.

The measurements are to be made in millimetres :

—

I. The length of the fish, viz., from the tip of the lower jaw (mouth

closed) to the end of the shortest ray in the fork of the tail fin.

II. Sex.

III. Maturity, in case of herrings which are not spawning. Breadth

of the reproductive organ. Size of the largest ova.

IV. Girth immediately in front of the dorsal fin.

V. Girth at the root of the tail.

The girth is measured by means of a thread drawn gently tense

* Williamson, H. C, "On the Markerel of the East and West Coasts of Scot-

land." 18th Annu'tl Report of the Fishery Board for Scotland for 1899. Pt. III.

1900. P. 296 et seq.
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round the fish. The ends of the thread are made to overlap, and they

are then cut across by means of a sliarp knife (Fig. 4).

Fkj. 4.—Diagram of Herring to indicate positions of tlie

Girth INfeasurcnients.

VI. Horizontal diameter of the iris and pupil. The iris is co-

exte?isive with the silvery iridescent region. The pupil is oval and
requires two measurements, viz., long and short axes.

VII. Length of the pectoral fin, i.e. the distance from the articu-

lation of the first ray (dorsal side) to the most distant point of the fin.

VIII. Length of the ventral fin, i.e. the distance from the articu-

lation of the first ray to the most distant point of the fin.

IX. The greatest dorso-ventral height of the dorsal fin, when it

is spread out to its greatest extent. One point of the dividers rests

on the to]) of the interspinous bones between the bases of the fin-rays

immediately below the highest point of the fin.

X. Length of the dorsal ramus of the tail fin, measured from the

point of beginning of ramus defined in XXVI. to the tip of the

ramus.

Characters VII. to X. are measured by means of dividers.

XI. The number of rays in the pectoral fin.

XII. ,, ,, ,, ventral ,,

XIII. ,, ,, ,, dorsal ,,

XIV. ,, ,, ,, anal ,,

XV. The number of keel-scales from and including the keel-scale

situated between the bases of the ventral fins to the anus.

Distances of Certain Points from the Tip of the
Lower Jaw.

For the following characters the herring is placed on the measuring-

board, so that tlie principal axis {i.e. the line drawn from the lower

edge of the turned-down lip on the anterior end of the lower jaw to

the middle of the fork of the tail) coincides with a line drawn on the

board, and also with the thread stretched longitudinally over the

board (Fig 5). The mouth of the fish is to be closed. It may be an
advantage to fix the fish by means of long needles passed through the

fish and into the board. The travelling T-square is moved along till

the thread (or horse-hair), the point on the fish, and the needle-point,

which is vertically below the thread, are, as near as the eye can judge,

in one plane. The distances are read off by means of the needle-point

which travels over the scale.

XVI. Anterior edge of the pupil of the eye.

XVII. Posterior edge of the flattened area on top of the head.

The hind edge of the transverse ridge (upper edge of supra-occipital
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bone), whicli marks the beginning of tbe scales on the nape of the
neck, is taken for the point.

Fig. f).—Measuring Board.

I

j!
"" ''

Nfiil»ii»ij>—

—

Fig. 6.—Travelling T-square.

XVIII. The top of the opercular cleft. A pin is put into the

cleft in its extreme anterior upper angle. The pin is then the point

for the measurement.
XIX. Hindmost point of the bony edge of the gill-cover. A piece

of paper placed under the edge helps to define it.

XX. The articulation of the first ray of the pectoral fin. A pin

inserted into the articulation is the point.

XXI. Beginning of the dorsal fin. The membrane uniting the

first two rays from the third is cut. The two first rays are raised

into a vertical position. A cut is then made in the dorsal edge of the

body by sliding a knife down the front edge of the first ray. A pin

inserted into the cut constitutes the point.

XXII. End of the dorsal fin. A pin is inserted into the dorsal

edge of the body immediately behind and close to the base of the last

ray.

XXIII. Articulation of the first ray of the ventral fin. The
point is marked by a pin inserted into the articulation.

XXIV. Beginning of the anal fin. The point is marked in a

manner similar to that in XXI.
XXV. End of the anal fin. A pin is inserted in the dorsal edge

of the body immediately behind and close to the base of the last ray.

XXVI. Beginning of the dorsal ramus of the tail fin. If the dorsal

edge of the body in front of the beginning of the dorsal ramus be

scraped free of scales, a little cartilaginous ray-like body is seen in

the skin. The anterior point of this body is marked by a cut into
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which a pin is inserted. Tlie pin is taken as the position of the

point.

XXVII. The point where the dorsal edge reaches its greatest

height above the principal axis.

XXVIII. The height above the principal axis at this distance is

measured by dividers.

XXIX. The point where the ventnim reaches its greatest depth

below the principal axis.

XXX. The depth below the principal axis at XXIX. measured by-

dividers.

Nos. XXVIII. and XXX. together give the depth of the fish.

Skeleton.

XXXI. The upper length of the skull, i.e. the distance from the

front vertical edge of the etlimoid to the hind upper edge of the supra-

occipital bone, viz., Icr, Fig. 2.

XXXII. Greatest breadth of skull, viz., Itcrof. Fig. 2.

Nos. XXXI. and XXXII. are measured by means of callipers.

The length divided by the breadth of the skull is the index of the

form of the skull.

XXXIII. The number of vertebrse. The last vertebra is B in

Fig. 7 . Not ? = Notochord ?

Fig. 7.—Diagram of Tail-hones

of Herring.

XXXIV. The number of the vei'tebra bearing the first haemal arch.

XXXV. Weight (Grammes).
XXXVI. Colour of the flesh.

The measurements are to be converted into percentages of the

length of the fish. All the measurement-characters of a fish are con-

verted into percentages by multiplying them by the same factor, viz.,

i
——j

—

j-ju—^^T" This is readily accomplished by means of Crelle's

tables.

The average of the percentages for each character is to be calcu-

lated.
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It is possible that one may be able to compare certain shoals by
the observed averages, or by combinations of averages. The curve

of probability is mainly of value for the calculation of the average,

when only a few fishes are available for examination.

The means and fluctuations of the means should, however, also be

calculated.

The Observer and the Personal Error.

It would be well if each investigator limited his work to the herrings

frequenting one spawning-ground. He should make all the observa-

tions and measurements. He might receive assistance in the sub-

sequent mathematical calculations. The investigators should meet
and discuss the results. The relation between their personal errors

should then be determined by experiment.
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Explanation of Figures.

Fig. 1. Diagram of herring, showing some external measurements.
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THE DISTRIBUTION OF PLAICE EGGS IN THE
NORTHERN NORTH SEA.

(Prom the collections made by the Fishery Re?;earch Vessel " Goldseeker " during the

months November to March in the years 1904 to 1913 inclusive.)

By ALEXANDER BOWMAN, D.Sc, Aberdeen.

Plaice {Pleuronectes platessa) are distributed in the shallower zones

all round the Scottish Coast. While usually found in depths of

less than fifty fathoms, a few individuals are sometimes taken in deeper

water. Professor D'Arcy W. Thompson (1913) gives two charts

which illustrate by means of contour lines the quantities of plaice cap-

tured per 100 hours fishing by Aberdeen trawlers in the Northern North
Sea, the quantities represented being the meansof the period 1901-1910.

His general conclusion is given as follows :

—
" The region throughout

which the catch of plaice is for the most part insignificant corresponds

pretty closely with that part of the North Sea which is over 50 fathoms

deep ; that region where the catch varies from 5 to 10 cwts. per 100

hours trawling coincides equally closely with the zone of depth from
about 30 to rather less than 50 fathoms while in the region under 30

fathoms in depth we find mean catches of plaice that exceed 10 cwts.

per 100 hours "
(p. 65). And again :

—
" The charts show how the

small plaice are practically absent in our deeper waters, and how both

actually and relatively to the other sizes they increase in numbers as

we pass to the shallower zones "
(p. 65).

Dr. Fulton (1913) states that in the Northern North Sea " the

greatest density of plaice is along the eastern coast of Scotland and
around the Northern Isles, and the next greatest density is in the area

lying in the neighbourhood of the Great Fisher Bank and towards the

Danish Coast. In the areas between the two, where the depths are

greater, as well as the distance from the shore, the abundance of the

plaice is much less "
(p. 123).

The area examined by the " Goldseeker " in the Northern North
Sea during the period under observation extends far beyond the limits

of the distribution of adult plaice. The stations visited are shown in

the accompanying chart, and the number of times each station has

been sampled in December, January, February, and March respectively,

during the ten years, is given in tabular form. Over such a wide area

some localities have necessarily been visited much less frequently than
others.

At all the observation stations the collections were made with conical

cheese-cloth nets, having a diameter of one metre. The texture of the

M & G Ltd Wt 639/10 8-14 500
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cheese-cloth material is very uniform, the average diameter of the

thread being about '3 mm. and on the average 90 meshes per square cm.

This material is of a texture sufficiently fine to capture the smallest

fish eggs occurring in the plankton. At most of the stations a vertical

haul as well as horizontal hauls at surface, mid-water, and bottom

layers were taken with these nets. On many occasions hauls were

also taken with the Petersen Young Fish Trawl, but the texture of

the material of this net was often too open to retain fish eggs.

The tow-net material when collected was immediately preserved in

4 per cent, formalin solution in sea-water, and after a longer or shorter

interval the larval fishes and fish eggs were selected and transferred to

a 2J per cent, formalin solution. With the exception of the 1913 collec-

tions the eggs were not examined carefully until they had remained

more than a year in formalin. Such eggs have been sufficiently long

in formalin to reach their maximum shrinkage, and in comparing their

sizes with eggs from other sources this fact must not be forgotten.

In the initial stages of development many of these pelagic eggs,

which become opaque when preserved in formalin, are almost character-

less, except as regards size. The following method has been adopted

in dealing with the different collections. The eggs were separated into

two groups according as to whether they had or had not contained oil-

globules. It is only in the collections made towards the end of March
and in the later months that relatively large eggs, with oil-globules ap-

pearing in the plankton, might possibly be confused with plaice eggs on

account of their size. But the presence or absence of an oil-globule in

any particular specimen may be determined by examination under the

microscope, and even if the oil has been extracted by the preserving

fluid the cavity in which the oil originally lay may still be detected.

In the Northern North Sea during the period under observation

eggs without oil-globules have a wide range in size, varying in diameter

from "7 mm. to over 2 mm. Some, for example, those belonging to the

Dragonet {Callionymus sp.) and the Long Rough Dab {Drepanopsetta

platessoids) may be separated directly. The Long Rough Dab egg is

very easily identified both in the living condition and in preserved

material as the large perivitelline space within the egg is characteristic.

In the preserved material Long Rough Dab eggs usually appear very

buoyant and semi-transparent owing to their relatively small amount
of yolk. When the large perivitelline space is indistinct a very small

percentage may, however, be confused with plaice eggs as the ranges in

size overlap, but the thin character of the capsule of the Long Rough
Dab egg is readily seen under the microscope. Further, eggs such as

those of the haddock and cod are also easily identified when the con-

tained embryo has reached a certain stage in development.

All eggs in the initial stages of development have been measured

under the microscope with the aid of a micrometer eye-piece, ninety

divisions of which are equivalent to 2 mm. It is interesting to find that

when eggs without oil-globules from any locality for a particular period

of the year are arranged according to diameter they fall into natural

groups, and that in successive years these groups are almost identical.

Two illustrations are given (see Figs. 1, 2, and 3) for February 1905 and
February 1907. The groups are almost identical, although the relative

numbers within the different groups vary from year to year.

The plaice egg is pelagic, large, and transparent, with a homo-
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geiieous yolk and no oil-globule. The perivitelline space is relatively

very small, whilst the thick capsule shows under the microscope a

wi'inkled appearance. The yolk becomes quite opaque when the egg

is preserved, and it can be distinguished from other eggs only by its

larger size and the corrugations on the capsule. The eggs of the plaice

are amongst the largest found in the plankton, and in the present col-

lections they form a group whose sizes are almost entirely beyond those

of the other gToups. As is seen in the examples already given for Feb-
ruary, only a very small percentage of specimens at the lower limit of

the range may overlap the other group. If the embryo is far advanced
in development a separation may at once be made ; and in addition

the relative thickness of the capsule, the time and place of spawning
are valuable aids to identification. Thus, the percentage of errors

of identification is negligible.

It is unnecessary, in the present instance, to deal exhaustively with

the question of the distribution of sizes of plaice eggs throughout the

spawning period within the different Scottish areas, but one illustration

is given for the month of February from the Dornoch Firth.

Variation in 6218 plaice eggs collected from the Dornoch Firth in

February (the material preserved in 2| per cent, formalin over one year).

(See Fig. 4).

Scale
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spawning season, and on any particular area there is a gradual decrease

in the mean size of the eggs of a species during the spawning season.

The mean size of the egg differs at the different developmental stages
;

when the embryo is almost ready to hatch there is a stretching of the

egg-membrane and thus an increase in size. There are personal errors

of measurement as well as errors of sampling. In spite of all such

possible variations it is believed that these do not to any appreciable

extent affect the identification of the plaice eggs here dealt with.

The most general survey of the distribution of the plaice eggs from

November to March in the Northern North Sea is best got from the

combined results of all the hauls taken within the ten years' period.

The localities are at once divided into those in which plaice eggs were

found and those from which none were recorded. The positive records

are from the shallower areas, and the great bulk of the negative records

occurs over the deeper parts. As a matter of fact, all the positive records

are from within the fifty fathom contour line, and a closer study of the

distribution shows clearly that the greatest frequency is within the

thirty fathom contour line. It has to be remembered also that, in

the case of a pelagic egg, such as that of the plaice, the spawning area is

not necessarily coextensive with the distribution of the floating eggs.

The general statement may, however, be made that the distribution of

plaice eggs coincides very closely with the known distribution of the

adults.

Spawning on the Scottish coast usually begins in the winter months
and continues throughout the spring, while a small number of indi-

viduals may extend the spawning into the early summer. According

to Ehrenbaum (1909) the spawning time for plaice in the North

Sea extends from January to the middle of June, whilst in the Baltic

spawning may begin as early as November and last till May. There

is great difficulty in fixing absolutely the first date of spawning over

such an extended area as the Scottish coast since visits to each locality

must be comparatively infrequent. Even over such a prolonged

period as ten years the difficulties are many, for one year may be more
favourable than another for an early spawning.

The first records of the pelagic eggs may not coincide with the

earliest date of spawning, for unless investigations are being con-

tinuously carried on in a particular area the first occurrence of the eggs

may not be noted until some time has elapsed after their actual appear-

ance. In the fertilised egg when first spawned there is no trace of an

embryo, though very soon it assumes definite shape, and in the course of

time surrounds the whole yolk. It is known that the rapidity of

development of the embryo depends almost entirely on the temperature

of the water, and the degree of development of the embryo thus gives

some clue as to the time the egg was spawned. For the pm-pose of

this investigation the eggs have been separated into four groups

according to the degree of development of the contained embryo. It

is not implied that these four stages divide the hatching period into

equal intervals of time.

a.—The newly-hatched egg before there is any indication of form

in the embryo.

|3.—When the embryo has begun to assume a definite form but does

not extend round half the diameter of the yolk.
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y.—When the embryo is more than half round the diameter of the
yolk.

h.—When the embryo is coiled completely round the egg, that is,

just shortly before hatching.

As the eggs float passively in the water those in the first stages of

development ara not only nearer to the date of spawning but are more
likely to be nearer to the actual spawning area than those which have
passed into the later stages of development. In other words, the area

of distribution of the eggs in the later stages of development is wider
than the actual spawning area. A study of the distributions of the

eggs in the various stages of development may therefore show not only
the general effect of the currents on such passive objects but also the

conditions under which the tiny larvae are hatched out.

The extensive observations made by the " Goldseeker " during the

month of November cover a considerable portion of the area within the

fifty-fathom line, but no plaice eggs were found so early in the season.

One may conclude with certainty that few, if any, plaice spawn in the

Northern North Sea in November,
The first records of plaice eggs in the plankton of the " Goldseeker

"

collections occur in December. They were made at three different

localities during the ten years, and they are of sufiicient importance to

be given in some detail.

Records of Plaice Eggs Collected during the Month of

December.

Year.
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average date of the first appearance of the plankton eggs may be
approximated.

Beginning of Spawning Season in Dornoch Firth.

Month.

November

December

January .

February
March

1904-
1905.



Distribution of Plaice Eggs—Dornoch Firth. 11

period of spawning. Thus the date at which any locality has been
visited is important, though the results of a visit at an unfavourable

time are no true index of the actual density of spawning within the

area. Again, the most favoured spawning area one year may not be
the most favoured in other years. As a first approximation to the

density of spawning within an area the highest fre(|uency got at any
time in the locality has been taken as the index. Only those eggs in

the initial stages of development need be considered since, as has been
indicated, eggs in the later stages of development may not have had
their origin within the area in which they are ultimately found.

Some standard of measurement must be adopted to compare the

frequencies of one area with those in another area. In the present

investigations the standard vertical Hensen egg-net has not been
regularly used, but vertical hauls with a cheese-cloth net with a mouth
of one metre in diameter have been taken at all the observation stations.

This net, although not a standard one like the Hensen net, is nevertheless

a most efficient instrument for the capture of pelagic fish eggs.

The greatest number of plaice eggs taken in a single vertical haul

was seventeen, obtained off Lossiemouth on the 22nd March 1906.

Although, comparatively speaking, the density of plaice eggs was very
great on this occasion, the number seventeen compares very un-

favourably with the numbers obtained from the quantitative egg-net

collections in the Southern North Sea. The Dutch and German in-

vestigations show that in this region at- numerous points between
51° 39' N. and 53° N. over one hundred eggs per square meter were
captured at different times between the middle of January and the

middle of February. Indeed, the South-west corner of the North Sea

has been proved to be the most important spawning area in the whole
Southern North Sea for plaice, and the maximum number obtained

at one time was 570 plaice eggs per square metre of sm'face water. In

the Northern North Sea only three vertical hauls contained more than

ten plaice eggs, and the majority of vertical hauls had either one plaice

egg or none. As a spawning area for the plaice the Northern North
Sea is, therefore, of quite minor importance as compared with the

Southern portion. But although this is so it is still highly desirable

to know which areas on the East of Scotland are the more favoured

ones at the spawning period.

Another standard of comparison has therefore been adopted. The
number of plaice eggs in a horizontal haul of one half-hour's duration

with a one metre cheese-cloth net has been chosen as the easiest and
apparently most consistent standard. Several anomalies arise through
adopting this method, for it is difficult to so regulate the speed of a

vessel when towing a small and fragile cheese-cloth net that, in a drag
of given duration, a fixed volume of water may pass through the net.

Again, the eggs may, or may not, be uniformly distributed both hori-

zontally and vertically within an area. This point we shall return to

later. The records of the surface nets, with all their imperfections,

are, however, the only ones available. A table (II.) has been drawn
up for January, February, and March for the ten years, which shows
the gi'eatest number of eggs taken at one time, the average number of

eggs captured, and the number of hauls made at each locality. The
greatest frequency was obtained in the Dornoch Firth on the 27th
February 1906 at Station V., when 1319 plaice eggs were taken in a
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single haul. This rich haul is closely followed by one from Lossiemouth,

where 1294 eggs were captured on 22nd March 1906 in a similar haul of

like duration. These two hauls are easily the richest for the whole

period considered. The frequencies of several of the stations within

the Moray Firth area come next, though a very long way behind.

Outside the Moray Firth the figures are very poor, the only frequency

over one hundred being obtained at Bressay (near Lerwick). At
Tod Head, on the East of Scotland, 82 plaice eggs were obtained in

the surface net in one half-hour—a result which compares very un-

favourably with the richer Moray Firth grounds. But still poorer

are the results got from the area immediately outside the Firth of Forth.

Unfortunately, no observations were made in the region between this

area and the Northumberland coast, otherwise they would help to

link up the Scottish records with those from the Southern North Sea.

The general conclusions, as deduced from these tables are, (1) that

the Northern North Sea is a spawning area of minor importance for

plaice when compared with the Southern North Sea, and

(2) that within the Northern North Sea area the Moray Firth is

by far the most favoured locality for plaice during the spawning season.

The method of tabvilation just described gives only the com-
parative frequencies of plaice eggs within the different areas. An
area of low frequency, however, may possibly be a spawning area,

although the total number of individuals spawning within the area may
be very small in comparison to the numbers found in the areas of highest

frequency. Such low frequency might be due to the intensity of fishing

within the area. The percentages of plaice eggs in the different stages

of development at those localities where more than twenty eggs have
been captured has been taken as a standard of comparison. Pelagic eggs

in the initial stages of development belong to the near neighbourhood

in which they are fished. On the other hand, eggs in the later stages of

development may be of composite origin. They may have drifted

from some considerable distance into the area in which they are fished,

or they may have been spawned within the area some time previously.

It is just for this reason that observations made early in the spawning
season are of such vital importance in the determination of spawning
grounds. Any table that can at present be made embodying the facts

cannot be completely representative until all areas have been fre-

quently investigated in the early months of spawning. At the one ex-

treme of such a table there are those localities at which more than

80 per cent, of the eggs were in the initial stages of development, at the

other extreme where all the eggs were in the later stages of development.

The positions at which more than 80 per cent, of the eggs were newly
spawned correspond very closely with the localities of gxeatest

frequency. As the eggs -advance in development there is a marked
expansion in the area of distribution—a result which might have been
anticipated. It seems as if the plaice spawn in comparatively restricted

areas and the positions of the stations where the eggs occur with

greatest frequency, and where the percentage of eggs in the " a " stage

of development is high are all very near the coast well within the thirty

fathom line. At Noss Head (Caithness) and Station 26 (58° 11' N.

;

0° 32' W.) the depth is, however, over thirty fathoms. Noss Head
Station is only three miles from the rapidly shelving coastline, whilst

Station 26 is in the vicinity of a small shallow bank in the Moray Firth.
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The general study of the distribution of plaice eggs shows that the

area within which they occur is a well-defined one. This area in the

northern part of the North Sea is bounded by a line which runs almost
parallel and adjacent to the fifty fathom (or 100 metre) line ; then
parallel to the coast of Scotland from Rattray Head to the Firth of

Forth, including practically all localities, a less depth than forty fathoms.
For the pm'pose of description it is convenient to divide this region into

the following sub-areas :—Moray Firth, outlying Moray Firth Stations,

Shetland, Fair Isle and Orkney, East of Scotland (South of Moray
Firth), Firth of Forth, Stations East of Firth of Forth, Minch.

PLAICE EGGS.

Dornoch Firth.

December-March 1904-1913.
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Sea, and that here the earliest records of the occurrence and the greatest

frequency of plaice eggs in the plankton were found. The details of

the investigations made in this locality are given very fully in the ac-

companying table (p. 13). The table proves that the spawning season

begins before the first days in January, and that in exceptionally early

seasons it may begin a month earlier. Spawning is very general

towards the end of January, and the maximum frequency obtained at

any time within this area was reached on 11th January 1908 when 1832

eggs were taken in a surface haul of one half-hour's duration.

As has been stated, in the Northern North Sea the plaice is the

species with pelagic eggs in which the reproductive organs in the adult

first indicate the approach of the spawning season. It is also the

species which spawns first in the Dornoch Firth, and the eggs of the

plaice are the only pelagic ones which have been collected as early as

December. In the month of January in the Dornoch Firth they

constitute on the average over 95 per cent, of the total catch of pelagic

eggs, while in February the percentages of plaice eggs in the total

catches throughout the ten years ranged from 4 to 78. Other species

with pelagic eggs begin to spawn in the locality in February, but with

varying intensity from year to year in relation to the plaice.

The complete table for the Dornoch Firth area is complex because

the material from the stations are not strictly comparable from year

to year, and indeed only in one particular spawning season, namely,

1904-1905, are there records for each month.

The table of the averaged results for each month gives the best

general idea of the conditions within the area.

Dornoch Firth—Plaice Eggs,

averaged results.
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were spawned earlier in the same locality since there is a fall in the

absolute density of the eggs even as early as February. Such facts

show how difficult it is to map out the spawning areas of a species from
the occurrence of eggs in all stages of development in the later half of

the spawning season without an intimate knowledge of the influence-

of the currents on the earlier spawned eggs.

In the spawning season 1904 1905 similar observations were made
in all four months, and the series gives very consistent results. Hori-
zontal hauls of one half-hour's duration were taken with one metre
cheese-cloth nets at the following depths : surface, 5 metres, 10 metres,

mid-water, and bottom. In addition, horizontal hauls of one half-

hour's duration were made with the Petersen Young Fish Trawl at

the surface, mid-water, and bottom. The total numbers of eggs at

the different stages of development obtained in these hauls for each
month make excellent index numbers for a comparison of the relative

densities from month to month.

Dornoch Firth—Spawning Season 1904-1905.

combined results op horizontal hauls.

Month.



16 Fishery Board for Scotland.

The more complete table for the Dornoch Firth shows that even
within a spawning area of limited extent, there are very marked
variations in the frequencies of the eggs on the same day at points

relatively near to each other. Surface collections which were taken

on 27th February 1906 have frequencies of 797, 1370, and 397 respect-

ively. The relative proportions of the eggs in the different stages of

development are practically identical, so that in all probability these

eggs had the same origin. The Dornoch Firth is a shallow inshore

area, and it is probable that the tides, carrying the eggs backwards and
forwards once in twelve hours within the area, may vitiate deductions

from single observations.

In 1908 the locality was visited in January, February, and March.

The frequencies for these months are very high in comparison with

those found in spawning season 1904-1905. Probably spawning plaice

were more numerous during the season 1907-1908 than during the

season 1904-1905. The frequencies of newly spawned eggs are ex-

tremely high in February, and although there is a decline in March there

are still many newly spawned eggs within the area. On the other hand,

on 11th January 1908 almost twenty per cent, of the eggs had already

passed beyond the first stages of development, so that it is reasonable

to assume that spawning had already begun in the first days of

December 1907.

So far the records of collections from the different water layers

have not been considered in any detail, although the percentages of

eggs at the different stages of development are taken from the total

number of eggs captured at a particular station. The number of eggs

got in the vertical nets is so small that the results cannot be used with

any degree of accuracy to compare the frequencies of eggs in the

difierent water layers. We are thus forced back on the records of the

horizontal hauls taken with non-closing nets at different depths.

The cheese-cloth nets used in the observations are attached at definite

intervals to a vertical loaded line which is towed very slowly behind the

ship. The net which fishes at the bottom is attached to the vertical

line quite close to the weight, the other nets are attached at the required

distances along the line. Such a series of nets takes some time both

to shoot and to haul, and as the bottom net is put away first and hauled

in last it is necessarily a longer time in the water than the surface net.

If these nets fish not only when they are being towed but also when
they are being hauled the frequencies obtained must be higher than

those which would be got from closing nets. The nets are towed for

the same length of time, so that the catches from the nets below the

surface should theoretically be equal to a horizontal haul and two
vertical hauls, one at shooting and one at hauling. That is to say, if

the eggs are uniformly distributed throughout the different water

layers the number of eggs from the bottom tow-net should not exceed

the number got in the surface-haul by more than twice the number got

in the vertical haul. If the following table be considered from this

point of view, the eggs in the Dornoch Firth were somewhat uniformly

distributed throughout the different water-layers in January 1905.

There are only minor differences between the numbers captured at the

different depths. The table also shows that the vertical distribution

in January 1908 was obviously very unequal, for most of the eggs were

found in the surface layers. It should be noted that the frequencies
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in the mid-water and bottom nets are quite small, although these nets

were hauled through the surface layers in which the eggs were very
numerous. On the other hand, it would appear that the eggs were most
abundant in the lower water layers in February 1907, 1908, and 1911.

Plaice Eggs—Doknoch Firth,

vertical distribution.
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Station 29.

The presence of two plaice eggs in the " y " stage of development in

the collections in December 1904 has already been commented on.

The only other observations at this station were made in the one

spawning year, namely, 1904-1905.

Plaice eggs are the j&rst pelagic ones to appear in the plankton ; in

January they constituted over 95 per cent., and the percentage had
fallen to 30 in February. The relative frequencies of the eggs in the

surface hauls for January, February, and March are 46, 32, and 758

respectively, while the numbers of these in the first stages of develop-

ment are 28, 18, and 404. Just as at Station VII. the greatest fre-

quency occurs in March, even although the percentage of eggs in which

the embryo has passed through the first stages of development is almost

as high in January as in March. As the collections for both the

Dornoch Firth and Station 29 contain samples taken at corresponding

times during the spawning season 1904-1905, the frequencies of

the newly spawned eggs in the surface hauls may be compared
directly.

Number of Newly-Spawned Eggs in Surface Net.

Month. Dornoch Firth. Station 29.

December 1904 3

January 1905 264 28

February 1905 42 18

March 1905 4 404

It is evident that spawning is later on these ofishore grounds than

in the Dornoch Firth. Further, it would appear that the area most
favoured by plaice during the spawning season varies slightly from

year to year.

Station 30.

As many observations were made at this station the records are

much enhanced in value. Notwithstanding the visits in December in

different years, no plaice eggs were taken in this month in the neighbour-

hood. Observations made in January 1905 and 1908 show how
variable the conditions may be from year to year. In 1905, on the

26th of this month, one egg was taken in the surface net, and in 1908,

as early as the 14th, 28 eggs were obtained, of which 26 were newly
spawned. The difference in frequency is much more marked if the

collections from the deeper water layers are compared.

26th January 1905. 14th January 1908. ,

Developmental Stages a, ^ y h Total. « |3 y 5 Total.

Vertical Haul
Horizontal m.

,, 5 m.
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Plaice eggs were more uniformly distributed throughout the

different water layers in 1905 than in 1908, for if the hauls from the

deeper layers are to be taken as representing not only horizontal but
also vertical hauls these must be taken for both series of experiments.

The uniformity of the distribution of plaice eggs throughout the different

water layers in 1905 is also well illustrated in the numbers taken in the

Petersen Youns Fish Trawl at the same station.

/3
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were in the later stages of development. If the collections in these two
years from the deeper layers be compared there is a correlation in the

vertical distribution of the eggs, similar to that which has already been
noted for other localities, between the frequencies at the different depths

and stages of development. In March 1911, when none of the 42 eggs

examined were found in the initial stages of development, the greatest

frequencies were found from the mid-water layers and the bottom.

In March 1905, when over 20 per cent, of the 136 eggs captured showed
no trace of the embryo having passed beyond the initial stages of de-

velopment, the highest frequencies both in the cheese-cloth nets and
the Petersen Young Fish Trawl were found in the surface layers.

Station 31.

During the spawning season of 1904-1905 this locality was visited

in December, January, February, and March, and the frequencies of

the plaice eggs at the surface were 0, 16, 12, and 12 respectively. The
records of the stages of development of these eggs, although few in

number, throw more light on the matter under discussion.

Sm'face Hauls—one half-hour's

Developmental Stages.

December
January
February
March

Without these details one might very naturally conclude that plaice

were spawning in the neighbourhood as early as January although the

spawning time in the locality is much later. It is clear that the fre-

quency of spawning plaice falls and the spawning time is later as we
pass in an easterly direction from the Dornoch Firth.

Moray Firth Trawling Station XVI.

The results obtained from this station are now much more readily

understood when compared with those from the localities lying nearer

to the Dornoch Firth. On 13th January 1905, 63 eggs were obtained

in the surface collections, and only 3 of these were newly spawned.

The other 60 eggs must have had their origin in an earlier spawning

area at some distance from the point at which they were found. On
10th February 1910, 1 egg in the " /3

" stage was taken in the surface haul,

and on 20th March 1908 the 12 eggs taken had all passed into the

later stages of development, but 2 eggs were got in the " a " stage in the

mid-water haul.

Station 32.

This station lies on the outer boundary of the Moray Firth area,

almost 57 miles east from Tarbet Ness. No plaice eggs were taken

here in the months of December or January, and from four visits in the

month of February in the years 1907, 1908, 1909, and 1910 respectively

only two plaice eggs were obtained. These two were in the " a " stage,

and were taken on the 7th February 1907. On 7th March 1911 two

eggs at the " y " stage represented the surface cheese-cloth collection



Distribution of Plaice Eggs—Moray Firth. 21

and five in the " y " stage the surface collection of the Peterson Young
Fish Trawl. This station is therefore not far from the outer limit of

the distribution of spawning plaice.

Stations 33 and 34.

Station 33 (58° 3' N. ;
1° 32' W.) and Station 34 (58° 17' N. ;

1° 03'

W.), are fifteen miles apart, and lie on the straight line east from Tarbet

Ness, but outside the Moray Firth area. No plaice eggs were taken

here on any occasion in the month of December. In the month of

January eggs appeared at Station 33, and on 26th January 1905 four

were taken in the Petersen Young Fish Trawl from the bottom layers.

These eggs were all well advanced in development, and the embryo had
reached the "y" .stage. By the month of February eggs had also appeared

as far east as Station 34, and two in which the embryo was almost ready

to hatch out were obtained in a cheese-cloth net at the bottom. A few

eggs were also captured at Station 33 in this month in the lower water

layers. The embryo was in the "3 " stage in one of these, while the

others were all more advanced in development.

In March surface hauls only were taken at Station 34, and four

eggs were got, of which two were in the " y " stage, that is in an earlier

stage of development than those found the previous month in the

same locality. At Station 33, however, on the last day of March 1905,

eggs were got in the first stages of development. The number is not

large, and is exceeded by that in the later stages of development.

Thus the conditions deduced from the records at these outer stations

are in harmony with those found at the inner stations on this line.

Summarising the results of the observations made along the line

east of Tarbet Ness for the months of December, January, February,

and March, we reach the following conclusions :

—

1. Plaice spawn along this line as far east as Station 33.

2. Spawning plaice occur in greatest numbers at the inner stations.

The Dornoch Firth area is the principal spawning ground,

but there may be a slight variation in the distance off-shore

of the most favoured locality from year to year.

3. Plaice spawn earliest at the inner stations.

4. Spawning on these inner grounds may begin in favourable years

as early as the last days of November.
5. The maximum time of spawning in the Dornoch Firth is about

the middle of January. After this there is a steady decline

in the intensity of spawning.

6. Plaice begin to spawn later, and the time of maximum spawning
is also later in an easterly direction.

7. Newly spawned plaice eggs are the first to appear in the

plankton of the Dornoch Firth area, and eggs in the later

stages of development increase in relative abundance in

the later months.
8. Eggs in the later stages of development are the first to appear

in the plankton of the off-shore stations. They appear as

early as December at Station 29, later at the stations

further east. They do not appear before March at Station

34.
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9. The eggs in the later stages of development are relatively most
numerous in the deeper water layers.

(c) Stations along the South Shore of the Moray Firth.

Observations were made at a series of stations along the south

shore of the Moray Firth from Nairn Bay to Kinnaird Head. The
stations taken in order from west to east are :—Nairn Bay, Burghead,

Lossiemouth, Trawling Station X. Moray Firth, Portknockie, Troup

Head, and Kinnaird Head. All these were visited in March 1906,

and a direct comparison can be made between the frequencies in the

different surface hauls.

Surface cheese-cloth.
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Fig. 5.—Relative abundance of Plaice Eggs at Stations on the south shore

of the Moray Firth (March 1906).
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The above table also shows that the higher the percentage of eggs

in the later stages of development the more miiformly are they distri-

buted throughout the different water layers. As the percentage for

Station X., M. F. has been calculated from the surface haul only it may
be too high. This station is, however, very close to Lossiemouth,

where the percentage of eggs in the "a" stage in the surface haul

only is 52"9. It appears that the area from Lossiemouth to Station X.
was a very important spawning area for plaice in March 1906.

Two hypotheses may be assumed to account for the distribution of

the eggs in the later stages of development, (1) Such eggs may belong

to the area in which they are found. It would follow from this as-

sumption that the spawning season off Kinnaird Head had begun some-
what earlier, and that the season was practically over in March ; and,

further, that the chief spawning time became later and later in a

westerly direction to Lossiemouth. This deduction is contrary to the

conditions found on the line east from Tarbet Ness. There it has been

shown that the spawning time became later and later towards the east.

(2) The eggs in the later stages of development may not belong to the

area in which they were taken, but have drifted from some more or less

distant spawning area. The results from both lines of stations are in

agreement with this hypothesis.

Station X., Moray Firth, was again visited on the 26th March 1908,

when 120 eggs, 90 (75 per cent.) in the " a" stage, were taken in the

surface net. The newly spawned eggs were on this occasion relatively

most numerous in the surface layers, and they totalled only 40 per cent,

of all the plaice eggs taken at the station.

Observations were also made at Troup Head on 19th March 1908.

The results agree with those for March 1906 at this locality. Ten eggs at

the " 05 " stage of development were taken at the surface, and the newly
spawned eggs constituted 37 "5 per cent, of the total. The eggs in the

later stages of development were relatively more numerous in the

deeper water layers.

Burghead Bay.

Although the stations lying to the east of Lossiemouth have not

been visited in the months of January and February, the Burghead
area, which is not far distant from Lossiemouth in a westerly direction,

has received special attention.

In this area there is considerable range in depth and in the character

of the bottom within four miles of the shore. The deeper and gradually

narrowing channel which runs into the Moray Firth ends in a finger-

like process at a depth of thirty fathoms off Burghead. It is well

known that the large plaice which congregate here in the winter months
are found in great numbers neither in the very shallow water close to

the shore nor in the deep muddy gut off-shore, but that they gather in

considerable numbers in a very restricted area in the intermediate

depths. It is not safe to assume, however, that all the adult plaice

which are here in the winter months remain in the immediate vicinity

for the purpose of spawning in the spring.

This interesting area was visited in December of 1907, and again in

December 1912, for the purpose of making plankton collections, but on

neither occasion were any plaice eggs obtained. It is unfortunate that
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these years do not correspond with those in which plaice eggs were
found in December in the Dornoch Firth. Indirect evidence led to

the conclusion that plaice were spawning in the Dornoch Firth early in

December 1907, and the negative results from Burghead in the same
year may be due to later spawning in that area.

On 23rd January 1908 observations were made in this area in the

shallow water, in the intermediate depths, and in the deep gully.

Burghead—Plaice Eggs (vertical distribution).

Depth.
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additional facts undoubtedly support tlie view that the Dornoch Firth

is a locality more favoured by the spawning plaice.

On 21st March fourteen eggs were obtained in a vertical haul, and
twenty in a horizontal surface haul of one half-hour's duration, while

on 24th March 1908 there were none in the vertical haul and 136 in the

surface haul. This shows how careful one must be in regarding the

number of eggs in the surface collections as an index of the absolute

frequency of eggs in an area. The complete table of the hauls from

the different depths gives the better view of the conditions.

24th March 1908.

a /3 y S Total.
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area. Thus, in contrast to 1908, plaice had not begun to spawn at

Burghead in January of 1910, and eveo in February of that year newly
spawned plaice eggs were very sparingly represented in the plankton

nets.

On the other hand, the results obtained on 11th March 1907 agree

very closely with those obtained on 21st March 1906, in regard to the

stage of development of the eggs, although the vertical distribution

varied considerably. The following are the percentages at the different

stages of development :

—

21st March 1906 . 32-8 6-8 27-3 3-2

11th March 1907 . 34-8 5-2 15-8 44-2

The conditions at this locality are apparently very complex and
variable from year to year. It is probable that the observations have
not been made with sufficient regularity in this area to enable us to give

a satisfactory explanation of the complexities of the problem.

(d) Stations VIII. and IX., Moraij Firth.

These are two of the " Goldseeker " trawling stations which lie

in the intermediate zone between the two lines of stations just con-

sidered. The records of this area are therefore of value in helping to

link up the results from these two lines of stations.

The north-west end of Station VIII. lies 12 miles E.S.E. from Tarbet
Ness, and the trawling station extends S.E. for 3| miles from this

point to within 9 miles of Lossiemouth. Station IX. runs parallel to

Station VIII. three miles to the east. These two stations are there-

fore situated over an area which lies in the triangle made by Station 29,

Burghead and Lossiemouth, and have a depth of about 30 fathoms.

There is only one record from this intermediate locality in the month
of January. Observations were made at the S.E. end of Station VIII.

,

Moray Firth, on 23rd January 1908, and 4 eggs in the " a " stage were
taken in a surface haul. A total of 22 eggs was, however, obtained from
the different water layers, and only 8 of these were newly spawned.
It has ah'eady been stated that in January 1908 very large numbers of

newly spawned eggs were obtained in the Dornoch Firth and at Burghead
Bay. At Station 30, also, a later spawning area than the Dornoch
Firth, 26 of the 28 eggs captured were in the " a " stage of development
in this month. Spawning plaice were very scarce in January 1908 on
this area from ten to twelve miles off Lossiemouth. But whence came
the relatively high proportion of eggs in the later stages of development?
Eggs in the later stages of development were not found so far east as

Station 32 in this month. It has already been proved that plaice were
spawning earlier this season towards the Dornoch Firth and at Biu-ghead
Bay.

Station VIII., Moray Firth, was again visited in March 1908. The
absolute number of eggs in the later stages of development had increased
considerably, but so, too, had the number of newly spawned eggs, and
relative to the numbers at other stages these were much more numerous.
This area is therefore a spawning area which is later than either the
Dornoch Firth or Bmghead Bay.

Plaice were also spawning close to Lossiemouth in March 1908,
probably in slightly greater numbers than at Station VIII. The
relative proportions of eggs in the different stages of development are
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somewliat similar at the two localities. Were these far advanced in

development eggs derived from the same spawning area ?

Further observations were made at Station VIII. in March 1906,

and Station IX was twice visited in the same month. The collections

made at the N.W. ends of these trawling stations were comparatively

rich in plaice eggs ; 110 newly spawned eggs were taken at the surface

at Station VIII. on the 15th of the month, and 94 similar eggs at

Station IX. on the 8th. The percentages of eggs in the different

developmental stages were also very similar, as over 50 per cent,

having the embryo well developed. The eggs of the 8th were, how-
ever, slightly in advance of those of the 15th. This condition is in

agreement with what was found on other ofE-shore areas. The obser-

vations made on the S.E. end of Station IX. on the 15th give somewhat
different results. Here only one newly spawned egg was taken in the

surface haul, the other 103 eggs having the embryo quite distinct. This

record confirms the statement that the narrow area about 9 to 12 miles

off Lossiemouth is not frequented to any great extent by spawning

plaice. It is also very clear that the eggs in the later stages of develop-

ment in this area are not derived from the Lossiemouth area, for in this

month plaice were spawning there in very large numbers.

Observations were again made at Station IX. on the 14th March
1907, and the results agree with those found in other years. The re-

latively higher percentage of eggs in the later stages of development

may be due to the lateness of the spawning season in 1906-1907.

The general conclusions regarding Stations VIII. and IX., Moray
Firth, are :

{a) This is a spawning area. Spawning is most intensive towards

Station 29.

(6) Few, if any, plaice spawn in the deep water off Burghead and
Lossiemouth,

(c) The time of maximum spawning is later than at Burghead or

Dornoch.

{d) Numbers of eggs in the later stages of development are carried

into this area from earlier spawning areas,

(e) These early spawned eggs are not derived from the spawning
areas on the south shore of the Moray Firth.

(e) Nairn Bay.

Station II., Moray Firth, which is situated in Nairn Bay, was
visited in February 1906, and five plaice eggs were obtained in a surface

haul. This isolated observation is of small value.

(f) Cromarty Firth.

Although five plaice eggs were taken in a surface haul within the

Cromarty Firth, it is not at all probable that plaice spawn there. Four
of these eggs had the embryo well advanced, and in all probability they

had drifted into the Firth. Extended observations within this area

would be of considerable value as a means of adding to our knowledge,

not only of the plaice species, but more especially of such species as the

flounder and common dab.

One egg in the " y " stage of development was taken in a surface

haul on March 1907 in the Cromarty Firth, and in March 1908 one egg
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the fall in frequency of the plaice eggs as compared with those at Noss
Head.

(h) 58° 5' N. ; 3° 13' W.

Plankton collections were taken 14 miles east of Helmsdale on
23rd March 1907, and no newly spawned eggs were found in the surface

haul. We have already seen that spawning was late in other localities

in season 1906-1907, and the absence of newly spawned eggs in this

area may be due to this cause. The large number of eggs in later stages

of development shows that this area is invaded by eggs from earlier

spawning regions.

(k) Berriedale.

The frequency of plaice eggs was very low when collections were

made off Berriedale on 7th February 1910. Newly spawned eggs, of

which there were four, were all taken at the surface, and they make only

8*7 per cent, of all the plaice eggs collected on the station. This

locality lies to the north of Tarbet Ness, where the frequency and the

relative proportion of newly spawned eggs were much higher even two
days previously.

The evidence, so far as it goes, seems to show that spawning is later

from Tarbet Ness towards Helmsdale, and that there is a drift of some
of the earlier spawned eggs in this direction.

(1) Smith Bank.

It is unfortunate that this locality, which has always been looked

upon as a favom'ite spawning area for plaice, has only been visited once,

namely, on 21st March 1906. A very large number of eggs was taken in

the plankton nets on this occasion, but the results when compared with

those of Noss Head for the same date show that plaice were not

spawning in any number on Smith Bank, but that the most favoured

locality was close to Noss Head.

Total eggs in horizontal hauls from
m., 5 m., mid-water, and bottom.

Developmental Stages,

a |3 y 6

Smith Bank . . .10 274 370 8

Where have the large number of eggs in the later stages of develop-

ment come from ? Observations made at Station XVI., Moray Firth,

which lies a few miles south of Smith Bank, may be helpful in this

relation. At Station XVI., even as early as January, most of the eggs

were in the later stages of development, and the same result was noted

in March. Indeed, in the month of January, 60 of the 63 eggs captured

had already passed through the initial stages of development. Now,
it has been shown already that the neighbourhood of Station XVI. is

a late spawning area, even although eggs in the later stages of develop-

ment are the first to appear in the plankton in the area. There seems

to be no doubt therefore that if Smith Bank is a spawning area it is a

late one, and that before spawning begins within the area eggs in the

later stages of development have already been carried into the locality

from other and earlier spawning grounds.
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Although mature plaice are present on Smith Bank during the
early months of the year it does not necessarily follow that they
spawn in large numbers in tlie immediate vicinity, for, as has been
shown, most of the eggs obtained over the "Bank" are well

advanced in development. The present investigation, though by
no means final, seems rather to point to the conclusion that these

mature plaice, when ready to spawn, migrate towards the coast at

Noss Head.

II. Stations on the Outer Limit op the Moray Firth Area.

Stations 26, 33, 34, and 24 are situated outside the Moray Firth
area either adjacent to or outside the 100 metre contour line of depth.

The conditions at Stations 33 and 34 have already been considered in

their relation to the line of stations which stretches eastwards from
Tarbet Ness.

Station 26 (58° 09' N. ;
1° 50' W.).

This station lying between Kinnaird Head and Station 32, but
nearer to Station 32, has yielded some striking results. No plaice eggs
were found in the plankton on the two occasions on which this locality

was visited in January, Observations on 21st February 1905 and on
12th February 1907 both yielded positive results. In February 1905 the

12 eggs taken in the surface net were in the " a " stage, and in February
1907, 43 of the 45 eggs captm-ed in the different water layers were also

newly spawned. Thus these observations are quite different to those
made in the corresponding period of the year at Station 32, a few miles

to the north. The newly spawned eggs are the first to appear in the
plankton in the vicinity of Station 26. Again, on 24th March 1910,

25 eggs were taken in the different water layers, all of which were newly
spawned. There is no doubt therefore that a few plaice spawn close

to this area in Februaryand March, and as no eggs were taken in January
the beginning of the spawning period is later than at the inner stations

in the Moray Firth.

On 11th March 1908 two eggs in which the embryo was just ready
to hatch were captured in the bottom tow-nets. These eggs may
belong to the vicinity, but they are more probably derived from the
same earlier spawning areas as those which appear at Stations 32, 33,
and 34.

The probable explanation of the anomalous records from this

locality is the proximity of a few shallow banks of limited extent.

These shallows are known to trawling masters as Boseys Bank.
Notwithstanding repeated visits to localities east of the Moray

Firth area, no plaice eggs have been taken over the deep water in the
plankton before April.

Station 2 (58° 36" N. ;
1° 46' W.).

Station 2 is situated outside the north-eastern border of the Moray
Firth, near the 100 metre line. Observations made in the different

months are very variable. No plaice eggs were found in the locality

before the month of February, nor were any found on 17th Februarv
1909 or on 11th March 1908.
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On 22nd February 1905, however, 10 plaice eggs were taken in a

surface haul, of which 8 were in the "a" stage. On 12th February
1907, 2 only of the 42 eggs captured in the different water layers were
newly spawned, and in 25th March 1910 the 16 eggs taken were in the
" a" stage of development.

These positive records show that although plaice spawn in the near

neighbourhood they are few in number ; otherwise the maximum spawn-
ing period is very late. But Station 2 is close to the boundary line

which marks the extreme limit of distribution of the adult plaice.

III. Stations in the Neighbourhood of Orkney.

Although observations from this area are confined mainly to the

month of March, the results are of significance when compared with

those from the Moray Firth area lying immediately to the south.

At the Pentland Skerries on 12th March 1908 observations were made
with cheese-cloth nets, and in addition a series of six hauls was taken

with the Petersen Young Fish Trawl. The total of 16 eggs ob-

tained in all these hauls indicates the low frequency of plaice eggs in

this locality in the first half of March. Again, on 16th March 1908,

the young fish trawl was operated for ten hours at the surface in the

Pentland Firth when only 72 plaice eggs were collected. The frequencies

and degree of development of the eggs from these two positions agree

very closely.

Observations were made somewhat further to the west at Dunnet
Head on 8th March 1913, and 46 eggs were taken in surface, mid-water,

and bottom cheese-cloth tow-nets. The frequency of the eggs was
therefore considerably higher here, and a greater percentage of them
were in the earlier stages of development. Although the observations

were made in different years there is an indication here that spawning
plaice are perhaps more numerous to the westward on the North Coast

of Scotland at this time of the year.

On 8th March 1913 twelve plaice eggs in the " a " stage of develop-

ment were captured from the different water layers at Auskerry Light,

W./N. I N. 6 miles. None were got in the later stages of development
at this locality on that date.

Station 3 (59° 10' N. ;
1° 27' W.).

This station is situated about 35 miles east of Auskerry Light, close

to the 100 metre line. No plaice eggs were found in the plankton of this

locality at any time in January. Though none were found on 17th

February 1909, on 2nd February 1905 two freshly spawned plaice eggs

were captured at the surface, and again on 13th February 1907, six

in the early stages were taken at the surface, but none in the lower

water layers.

On 12th March 1908 three newly spawned eggs were taken in a

vertical haul, and on 23rd March 1910 the four eggs captured were in

the bottom tow-net and in the initial stages of development.

Thus eggs taken on this station were always few in number, and all

in the initial stages of development. We have already seen that similar

results obtain nearer the East Coast of Orkney. The conclusion seems

to be that in this large area to the east of Orkney plaice spawn in very

small numbers in the first quarter of the year, and that spawning seldom
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begins before February. It has to be noted that no plaice eggs were

obtained in the later stages of development in March, although spawn-
ing had already begun in February.

Dr. Fulton (1913), in a study of the seasonal distribution of adult

plaice, concludes that in this area (Statistical Area XIII.) there is an
accumulation of fish during the months of spawning and a diminished

abundance in the latter part of the year. The conclusions from the

occm'rence of plaice eggs in the plankton in the first quarter of the year

are either that the west side of Orkney is the earlier spawning locality

or that there are fewer adult plaice on the east side at this period.

IV. Fair Isle and Neighbourhood.

Stations 4 (59° 26' N. ;
1° 20' W.) and 5 (59° 40' N." ;

1° 14' W.),

which lie close to Fair Isle, have been visited frequently within the

period under observation, but on no occasion were plaice eggs found in

large numbers.

At Station 4 no plaice eggs were obtained in the month of January
or in February of 1907 and of 1909 ; neither were any taken in March
of three different years. Only on 22nd February 1905 were two plaice

eggs in the " a " stage of development got in the surface haul.

Plaice eggs were taken in gTeater numbers at Station 5, although on
two occasions in March, namely, on 25th March 1910 and 15th March
1913, experiments made in the difterent water layers gave negative

results. Cm'iously enough, however, each of the fom* visits in February
yielded positive results. On 2nd February 1906 and 17th February
1909 few, all newly spawned eggs, were found, but on 22nd February
only 18 of the 36 eggs captured were in the " a " stage of development.

Again, on 12th March 1908 all of the 53 eggs captured at this station

had passed through the initial stages of development.

Thus the records of these two stations do not indicate that plaice

spawn in numbers in the vicinity of Fair Isle in the first quarter of the

year.

Station 22 (59° 36' N. ;
0° 41' W.).

This is rather an exceptional station, which has yielded negative

results on all the occasions on which it has been visited in February
and March, except on 22nd February 1905. On this date ten eggs

were got in the sm'face net, and fom" of these were in the " a " stage of

development. It should be noted, however, that in February 1905
plaice eggs were best represented at Stations 4 and 5, which lie to the

west of this position. Station 22 is the most easterly point at which
plaice eggs in the initial stages of development have been taken, for

notwithstanding repeated visits to Station 23 (59° 31' N. ;
0° 37' W.)

no records have ever been found by the " Goldseeker." The statistical

records of the large plaice show that the adults are caught in relatively

small numbers, and mainly in the summer months, in this area

(Statistical Area XIV).
Thus the area cannot be considered an important spawning ground

for plaice in the first quarter of the year. The exceptional appearance
of plaice eggs as far east as Station 22 may be due to the strong tides

which are prevalent in this locality.
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V. The Shetland Area.

The fifty fathom contour line of depth is very close to the East

Coast of Shetland, so that there is only a very narrow zone of shallow-

water in the neighbourhood of the islands. With two exceptions, to

be mentioned immediately, the stations which are in that area of over

fifty fathoms in the Northern North Sea to the east of Shetland have

never yielded positive results for plaice eggs. A few plaice eggs have,

however, been captured at stations 5a (60° 05' N. ;
0° 48' W.) and

5b (60° 37' N. ;
0° 35' W.), which are situated just beyond the fifty

fathom contour line on the east of Shetland. These stations have been

visited with regularity but have always given poor results. No plaice

eggs were found on any of the February visits, and the largest numbers
of eggs captured in the first quarter of the year were got towards the

end of March 1910.

Number at Developmental Stages,

a |3 y 5

Station 5a—25th March 1910 .20 11 8 2

Station 5b—25th March 1910 .4 4 6 4

In March 1905 observations were made at a number of stations in

the shelter of the islands and close to the coast in the shallower zone.

At the inner stations within Yell Sound no plaice eggs were found, but

at the north entrance to that Sound, just outside the Ramna Stacks, a

few were recorded. Similarly, just outside the eastern entrance to

Yell Sound, near Outskerry Light, they were but sparingly represented.

At both these localities the eggs were well advanced in development.

Plaice eggs were not found in Lerwick Harbom", but immediately out-

side at Bressay Light they occurred in relatively large numbers. A total

of 68, of which 51 were in the first stages of development, was got in a

half-hour haul at the siuface with the cheese-cloth net.

" The Shetland Islands are included in Statistical Area X., and the

smoothed monthly means of large plaice captured within this area show
that there is an accumulation of adult plaice dimng the months which

comprise the spawning period, and mainly in March and February "

Fulton (1913, p. 125).

Thus we conclude that although plaice spawn on the East Coast of

Shetland, spawning is confined to a very narrow belt close to the shore,

and even to certain localities within this belt.

Stations Situated on a Line East from the Firth of Forth.

Station 46 (56° 16' N. ;
2° 17' W.) is situated within the Firth of

Forth, close to the Fife Coast, and Stations 45, 44, 43, and 42 are suc-

cessively 15 miles apart to the eastwards of this position.

Two of the " Goldseeker " trawling stations within the Firth of

Forth area may be considered along with Station 46. Station VI.

("The Fluke Hole ") runs parallel to the Fife Coast, whilst Station V.

lies west of May Island.

The area close to the Fife Coast within the Firth of Forth area has

been examined with gi'eat regularity so that om' knowledge of this

area is fairly complete. Plaice do not appear to spawn here in December
or January, as no plaice eggs have been taken in the locality, notwith-
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standing the many observations made in these two months. Only on

one occasion, namely, on 28th February 1905, although attempts were

made in eight different years, were any plaice eggs (and then only

three) found in the Petersen Young Fish Trawl. It is not until March
that plaice eggs occur in any number in this locality. The highest

frequency observed was in March 1909 ; and it was not until towards

the latter part of the month that they appeared in any number. The
following are the totals obtained in this locality in March 1909.

Number at different Developmental
Stages,

a |3 y 5

Station 46—5th March ... 4 2 10

Station VI. (West end)—27th March 38 20 133 26

Station VI. (East end)—27th March 20 8 50 12

Station v.—26th March . .12 7 40 18

One may conclude from the above data that a few plaice may spawn
towards the outer limit of the estuary late in March. The eggs

collected on the 26th and 27th of March 1909 at Stations V. and VI.

probably have had a similar origin, the percentages at the different

developmental stages being very much alike.

On 24th March 1911 observations were made at Station VI. in

the difierent water layers, but only one egg in the " a " stage was got in

a bottom tow-net, whilst on the same date no eggs were found at Station

V. Other observations in this locality in the month of March have also

given equally poor results, but when any plaice eggs occur the fre-

quencies are generally higher at Station VI. than at Station V.

The absence of eggs from the area in February, and the large number
in the later stages of development got in March, indicate that the

locality, although a late spawning one for a few plaice, receives eggs

from earlier spawning areas.

Station 45 (56° 16' N. ;
2° 17' W.) and Stations VIII. and IX,
Firth of Forth.

These stations are situated outside the Firth of Forth area ; Station

45 lying about ten miles due east of May Island ; Stations VIII. and IX.

somewhat closer to that island, but a little to the south.

On 22nd December 1904 one plaice egg in the " a " stage of develop-

ment was taken in a surface haul at Station 45. The record is a very

early one, especially when compared with the conditions at Station 46.

But on 31st January 1905, that is in the same spawning year, no plaice

eggs were found at Station 45, although horizontal hauls were taken at

the surface at depths of 5 metres, 10 metres, 20 metres, and at mid-

water and bottom. Very few plaice, if any, could have spawned in

this area before that date. One plaice egg was got in a bottom haul

with the Petersen Young Fish Trawl on 5th January 1905 a mile east

of the May Island. On 15th January 1906 only one egg, in a tow-net

ten metres below the surface, was got at Station 45, while 27 eggs all

in the earlier stages of development were taken in the different water

layers at Station IX. on 25th January 1911.

Thus, although spawning may begin early in this area, the frequency

of plaice eggs in the plankton in January is very low.
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There is a marked increase in the frequencies of plaice eggs in the

month of February, but throughout the period under review spawning

seems to have been most intensive in February 1905. Eighty-eight

eggs, of which 81 were newly spawned, were captured on the 28th of

this month. On 17th February 1906 the frequency of the eggs was
almost as high, and over 90 per cent, were newly spawned. Fewer eggs

were found on the February visits in the other years, and in 1908 none

were present in the plankton collections. A very high percentage of

the eggs caught in this locality in February were in the initial stages of

development.

Our knowledge concerning the conditions within this area in March
is derived from observations made at Stations VIII. and IX. The
total number of eggs found on any occasion was small, but it is perhaps

of more significance that the proportion of those in the later stages of

development has not increased greatly. The following table gives the

percentages of eggs at the different developmental stages in the four

months in this area :

—

I

December .
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ing area for plaice, but it is evident from the figures obtained that it

falls in importance very far short of the Moray Firth area.

Station 48 (56° 24' N. ;
1° 21' W.) and Station 42 (56° 28' N. ;

0° 53' W.).

A large number of observations has been made at these stations in

December and February, but none in the months of January or March.

No plaice eggs were found in any of the December collections, and the

few which have been found in February show that in this area either

spawning begins very late or few plaice actually spawn within the area.

It has to be remarked, however, that only on two of the five occasions

on which Station 43 was visited in February were any plaice eggs found.

The total number of eggs from the different water layers was seven,

and they were all in the " y " stage of development. It can thus be

asserted that for this station plaice eggs in later stages of development

appear in the plankton before any newly spawned eggs are found. It

is therefore certain that these older eggs are derived from an earlier

spawning area. Plaice eggs were found at Station 42 on three of the

five occasions on which it was visited in February. Here also eggs in

the later stages of development appear early in the plankton, but on
17th February 1906 a high percentage of the eggs captiu'ed was newly
spawned, so that plaice also spawn as far east as this station.

Stations 43 and 42 lie in the southern portion of Statistical Area
XXIX. In this area the gTeat featm'e regarding the abundance of adult

plaice is their sudden increase, which lasts for three or four months
(January to April), coinciding with the spawning season. Large plaice,

however, are scarce on these grounds.

VI. Firth of Forth.

The " Goldseeker " trawling stations, in the Firth of Forth area

may be divided into an inner and an outer group. The outer group
(Stations V., VI., VIII., and IX.) where the water is deeper we have
already dealt with. There now remain the stations of the shallower

portions of the estuary. Stations I., II., III., and IV. are well within

the Firth, east of the Island of Inchkeith, while Station VII. runs
between the Bass Rock and the Island of Fidra.

It would be tedious to enumerate the various observations made at

these separate stations during the period under review. They have been
visited many times in each month, and only on two occasions did the
total number of plaice eggs captui'ed in the different water layers exceed
ten ; on 4th March 1909 twelve eggs were taken at Station II., and on
26th March 1909 twenty eggs were taken at Station VII. No plaice eggs
were taken at any of these stations before March, although numerous
observations were made in the other months. Indeed, many of the ob-
servations in March gave negative results, and on all occasions the fre-

quencies were very low. The total number of plaice eggs in all the March
collections is sixty-nine, and the stages of development are as follows :

a |3 y ^

22 10 31 6 — 69

These figures clearly indicate that the inner and shallower portions of

the estuary play no part as a spawning area for plaice during these
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months. Further, these figures show by the absence of plaice eggs in

February, and the presence of a large percentage of eggs in the later

stages of development, that the inner Firth of Forth derives some of its

plaice stock from areas nearer the open sea.

Professor Thompson tells us that Carnoustie and St. Andrews
represent a characteristic region, where a younger class of fish resides

;

at the Firth of Forth Stations we have older fish, not markedly segre-

gated on this or that station according to age, but with a greater and
greater admixture of older fish as we pass to the outward and deeper

waters.
" Again, the middle half (or 50 per cent, zone) of the plaice in the

shallower estuarine bays is a quite separate lot of fish, not overlapping

but wholly inferior in size (and age) to the similar middle block of the

fish in the deeper waters at the mouth of the Firth of Forth.
" Further, in all the Firth of Forth Stations except one (Station IV.)

the lower decile is over 25 cms. ; in other words, that well over 90 per

cent, of the fish caught are above the size which it has been proposed to

protect by a legalised ' size-limit.'

" In regard to the seasonal distribution of plaice in the Firth of

Forth," he says " that if we examine the mean of all the stations, we
see that the maximum catches are between July and September, and
that the smallest catches, only one-fourth or one-fifth as great, are

from January to March. At all stations the maximum lies either in the

second or third quarter of the year, and in most cases in the third. It

occurs in the second, or April-June quarter in the case of Stations II,

IV., and VII. ; and these are the three shallow-water stations, in the

bays on the north and south sides of the Firth. The season of minimum
is not quite so regular, and, on these stations where the catch is small,

is not so well defined ; but usually (on Stations I., II., V., VI., VII.,

and IX.) it falls in the first quarter of the year."

I have quoted these statements because, taken together with these

records of the distribution of the eggs of plaice, they epitomise the life-

history of this species in the Firth of Forth very succinctly.

Plaice spawn at the outer reaches of the estuary especially in the

neighbourhood of the Fife Coast and east of the May Island. Some
years are more favourable for spawning than others. Spawning begins

somewhat earher to the east of the May Island than on the Fife Coast.

Those localities are only relatively of importance when compared with

neighbouring localities, and fall very far short of such an area as that

of the Dornoch Firth. Pelagic plaice eggs are always rare over the

inner and shallower waters of the Firth of Forth, and eggs in the later

stages of development appear in the plankton as early as the newly

spawned eggs. Thus only sporadic plaice appear to spawn in the

inner waters of the estuary, although plaice eggs may be derived from

the outer area.

The percentage of very small plaice in the Firth of Forth is very

small even at the inner and shallower stations. Accordingly only a

very small stock of the 0-group of plaice can be added yearly from

eggs spawned outside the Firth. There is no evidence at present as to

whether the stock of plaice belonging to the older age groups within

the Firth are derived entirely from this 0-group, or whether the stock

is augmented by the immigration of immature plaice from the outer

areas. Extremely few plaice of adult size are found in the inner waters
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and shallower bays of the estuary, and in the first quarter of the year

(that is, the spawning period) their number has reached a minimum.
There is an orderly increase in the number of adult sized plaice

towards the mouth of the estuary and beyond. Even at these outer

stations they reach their minimum in the first quarter of the year.
" There is an orderly migration out of the Firth of the plaice as they

approach maturity " (Fulton).

VII. The East Coast of Scotland, South of the Moray Firth.

It has been stated already that the distribution of plaice eggs on the

East Coast of Scotland in the first quarter of the year is limited by the

fifty fathom line. Many observations have been made in the Northern
North Sea in that large area of over fifty fathoms in depth, which ex-

tends from 58° N. latitude northwards to 61° 30' on the edge of the

continental shelf. Over this extensive area on no occasion have plaice

eggs been captm'ed in the first quarter of the year. This deep area of

over fifty fathoms extends southwards as far as 56° N. latitude, and
forms the " Gut " lying between 0° and 2° E. longitude. This narrow
valley lies between the shallow coastal area of the East of Scotland,

south of the Moray Firth, and the shallow zone of the Fisher Bank
region where plaice are captm'ed in number. Notwithstanding re-

peated observations over the deep valley in the first quarter of the

year, no plaice eggs have been taken, although large numbers of pelagic

eggs of other species, which are known to appear in the plankton

later than the plaice eggs, have been found. These negative results

are of significance, and they are confirmed by the negative results ob-

tained by other methods. The analysis of the statistical data of the

market catches shows that large plaice are absent from these grounds

during the spawning months, although they may be caught there in

relatively small numbers at other periods of the year.

Thus the distribution of the newly spawned eggs of plaice on the

East Coast of Scotland is somewhat sharply defined in an easterly

direction. A number of observations made within this area in the

neighbourhood of the fifty-fathom fine has given very poor results,

but they indicate that most of the spawning plaice on the East Coast of

Scotland are confined to the shallower water nearer the coast.

Not only are large plaice and newly spawned eggs absent from the

area over the deeper water, but they are also absent from the extremely

shallow coastal area. Spawning plaice are not found in the shallow

sandy bays, and newly spawned eggs appear in proximity to the coast

only where there is a rapidly shelving coast line.

No plaice eggs have been recorded in the various hauls made in St.

Andrews Bay, Carnoustie Bay, and Lunan Bay. Very near to the

shore in the shallow water at Tod Head and Red Head plaice eggs

were also absent. But at Tod Head, offshore in the deeper water, 40
eggs, of which 24 were in the early stages of development, were taken
in the different water layers on 27th February 1907. Also on 27tli

February 1907, 1| miles east of Cove, 94 eggs were captured at surface,

mid-water, and bottom, but of these only 2 were newly spawned.
Off Collieston, on 14th March 1906, a surface net, in a haul of one

half-hom''s duration, captured 20 eggs, but only 2 of these were in

the initial stages of development.
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Near Cruden, on 3rd February 1908, only one egg was got from hauls

made in the difierent water layers, and it had already passed into the

"y " stage.

Observations made in March at Rattray Head and Buchan Ness

with a fom'-inch fine silk net gave positive results.

These observations are in full agreement with the results obtained

by previous workers. For example, the conditions obtaining in the

neighbom'hood of St. Andrews Bay have been summarised by Professor

M'Intosh (S.F.B.R. xii.). "Few or no spawning plaice (none within

our experience) are ever captured within the Bay (St. Andrews), though

eggs and young in various stages are not uncommon. It is stated

that adult ripe plaice were formerly procured by hook and line off the

rocky shore towards the mouth of the Bay, between Boarhills and Fife

Ness, on hard ground on which no trawl could work. The adult

spawning plaice in greater numbers occur in the ofi-shore waters, and,

so far as is known, there is no passage of these from the outer to the

inner area for the piu-pose of discharging their eggs—as was formerly

believed in regard to many fishes."

Station 27 (57° 30' N. ;
1° 19' W.).

This station is situated within the narrow finger-like valley made
by the fifty-fathom line off Buchan Ness. From om* knowledge of the

general distribution of plaice eggs one might conclude that they should

be rare or even absent in this neighbourhood. The records for this

narrow valley between the shallower banks of the East of Scotland are

very irregular, but never at any time were there large numbers of eggs

found. Neither on 2nd February 1906 nor on 24th February 1909 were

plaice eggs obtained. On 25th February 1907, 26 eggs were collected

in the surface net, and 18 of these were in the initial stages of develop-

ment. Fewer newly spawned eggs were procured in March, for, on the

26th of the month in the year 1908, only 28 eggs were got from the

different water layers, and only 2 of these were newly spawned.

Again, on 29th March 1910, 2 eggs in the " y " stage of development
were captm^ed in the same number of hauls.

In February 1907 observations were made at Station 27 on the

25th, and two days later similar observations were taken at 1| miles

east of Cove and at Tod Head, W./N. 1| miles, with the following

results :

—

Developmental Stages.

a (3 y 5

Station 27 ... 32 4 6 5

Cove . . . . 1 1 22 25
Tod Head ... 12 4 4

The eggs at Cove had thus been spawned for some considerable

time, and probably they had not their origin in that locality. Ob-
servations in localities to the north and south do not help in determining

from which direction they had been drifted.

Stations off Cove and Montrose.

On 23rd March 1909 two lines of stations at right angles to the coast

at Cove and Montrose were examined. Five stations, eight miles apart,
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were selected on each line. The inner station was one mile from the

shore, and the most easterly one 33 miles distant.
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higher at Tod Head, from five to twenty miles offshore, than either in

the inshore or the offshore area. There is a distinct indication of this

same condition in the results of the observations made in March 1909 in

the line of stations at right angles to the coast. At the Station Tod
Head, W./S. | S. 5 miles, the frequency was very high on 29th March
1911. Here on this date 86 eggs were taken, and 82 of them were

recently spawned.*
This zone of higher density apparently extends parallel to the coast

as far north as the neighbourhood of Aberdeen, for a number of obser-

vations made in this belt give very significant figures. For example,

at Stonehaven, W./N. | N., 19 miles, on 29th March 1911, 20 newly
spawned eggs were got in the surface cheese-cloth net, while 40 were

taken in the Petersen Young Fish trawl at the surface. Again, at

Girdleness, W./N. | N., 10 miles, on 7th March 1912, 64 newly spawned
eggs were taken in the cheese-cloth nets from surface, mid-water, and
bottom. In addition, a large number of eggs in the later stages of

development were also taken in this vicinity in the month of March.

Eggs in the later stages of development had already been collected in

February, before the newly spawned ones had appeared in the area,

thus showing that a large number of these eggs in the later stages of

development in March have been carried into the area.

Observations have also been made in the shallow off-shore area

which lies between Tod Head and the Firth of Forth, but the frequencies

are very low, and most of the eggs were in the later stages of development.

The experiments which have been conducted in the coastal area on

the East Coast of Scotland, south of the Moray Firth, indicate that the

earliest spawning does not fall much before the beginning of February,

even in favourable years, and that the frequency of newly spawned
eggs in the first quarter of the year is never high even in the most
favom'ed localities. The results also indicate that plaice do not spawn
in the very shallow water close to the shore, that few plaice spawn
further than twenty miles off-shore, that most of the spawning plaice

are confined to a narrow belt which runs parallel to the coast from the

neighbourhood of Montrose northwards to the vicinity of Aberdeen

;

and, finally, that plaice eggs are carried into this belt from earlier

spawning areas, and that these eggs in the later developmental stages

appear in this belt before the freshly spawned eggs.

We are now in a position to correlate the isolated observations made
and to take a wider and more general survey of the facts ascertained

regarding the distribution of spawning plaice and the occurrence of

their pelagic eggs in the Northern North Sea.

In many localities within this wide area plaice spawn in depths of

less than fifty fathoms, and the fifty-fathom contour line marks the

outer limit of distribution of newly spawned eggs. In very shallow

* Dr. Fulton (S.F.B.R., xx., 1901): "On the East of Scotland the spawning
period extends as a rule from the end of January until the beginning of May,
the maximum, according to the proportion of spawning fishes, being in March.
This agrees with the limits of the spawning of the plaice in confinement in the

ponds at Dunbar and the Bay of Nigg."

(S.F.B.R., viii., 1889): "In January and February very large ripe plaice

congregate on grounds at distances from about 8 or 10 to 20 miles off the East
Coast. In the neighbourhood of the Firth of Forth and St. Andrews Bay these

shoals are mainly found about 8 or 10 miles off ; off Montrose they may occur

up to 25 miles."
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water spawning does not take place, and newly spawned eggs are rarely

found there. Neither ripe plaice nor newly spawned eggs are found

in the sandy bays of the East Coast of Scotland, and they are also

absent from the shallow waters of such localities as the Dornoch Firth

and Burghead Bay. Proximity to the shore is not the dominant factor

regulating the distribution of ripe plaice, although large numbers of

freshly spawned eggs are often found close to the land in localities

where there is a rapidly shelving coast line and where conditions are

otherwise suitable. Spawning plaice do not penetrate far into the

estuary of the Firth of Forth. The fifty-fathom line lies very close to

the coast on the East Coast of Scotland, so that spawning is confined to

a very narrow belt close to land. Few, if any, plaice spawn under the

shelter of the islands.

Although newly spawned plaice eggs are found widely distributed in

the zone within the fifty fathoms, with the exception of the shallow

coastal area, spawning is most intensive in the intermediate depths.

The frequency of spawning plaice is very low in depths between forty

and fifty fathoms, and consequently freshly spawned eggs are not

numerous in that extensive area to the east of Orkney. Outside the

Moray Firth area, in depths between forty and fifty fathoms, spawning

plaice are likewise of rare occurrence. The distribution of the newly

spawned plaice eggs agrees even in detail with the known seasonal

distribution of adults, for although large plaice are found more widely

distributed throughout the year, even at depths of seventy fathoms,

there is a segi'egation in the lesser depths during the spawning period.

It is only in Statistical Areas XXIV. and XXX., where the depths

appear suitable, that large plaice are found to be absent in the spawning

months. This statement is supported both by the market statistical

records and by the absence of plaice eggs over these areas during the

spawning months.

But although spawning plaice are found widely distributed, with the

exceptions already mentioned, over the intermediate depths indicated,

they are not uniformly distributed, and the extent of distribution as

well as the principal spawning time are not alike in the different

localities. Even in any particular locality there are earlier and later

years, good and bad years, for the annually recurring spawning

phenomenon.
The facts as elucidated in the present communication are sufficient

to show that " there are considerable differences from place to place as

regards the commencement of the spawning period."

In general, the East Coast of Scotland is a late spawning area for

plaice.

In the Dornoch Firth, however, spawning begins very early, and in

favourable years a few plaice may spawn even in late November, so

that the height of the spawning season may be reached before the end of

January.

In the area to the east of the May Island there is more difficulty in

defining the earliest date of spawning, but the evidence at present to

hand shows that plaice may spawn here in December. The question

of fixing the beginning of the spawning period here is difficult on account

of the low frequency of spawning plaice in this area.

There is a retardation in the time of spawning from the coast

outwards. This phenomenon is extremely well marked in the records
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obtained from the line of stations east of Tarbet Ness, and is seen in

lesser degree in the line east from the May Island.

Although spawning begins very early in the Dornoch Firth, the other

coastal areas in the Moray Firth are later. Thus spawning is late at

Noss Head.
At Shetland spawning begins almost two months later than in the

Dornoch Firth.

Even within the Firth of Forth area plaice are later in spawning
than east of the May Island.

" There are also marked differences with regard to the intensity of

spawning over this wide area."

The most favoured spawning areas lie well within the Moray Firth.

There is a gradual fall in the intensity of spawning from north to south

along the East Coast of Scotland. The frequency is low in the area to

the east of Orkney and at the Fair Isle. The intensity of spawning

within the narrow belt at Shetland falls very far short of that in the

Moray Firth.

In the central region of the Northern North Sea, in depths of over

fifty fathoms, plaice do not spawn. Adverse conditions for spawning

extend southwards through the " Gut," and prevail even over that

shallower area east of the Firth of Forth between 0° and 2° E. longitude.

The analyses of the distribution of the spawning places may be

carried much further. The observations made have again and again

shown that plaice eggs are not uniformly distributed even within a

comparatively restricted area. In other words, the spawning of plaice

is distinctly localised ; there are localities of higher and of lower density.

Within the Moray Firth area the localities most favoured by spawn-

ing plaice within the years under review were the following :

It has been found that every year plaice spawn in number in the

vicinity of Tarbet Ness. There are, however, slight variations from
year to year in the exact position of the most favoured places, for

sometimes it lies within the Dornoch Firth and sometimes it is further

off-shore. The frequency of spawning falls rapidly in an easterly direc-

tion. Plaice in considerable number frequent the neighbourhood of

Lossiemouth and Burghead for the pm'pose of spawning. There is a

fall in the intensity of spawning in an easterly direction from Lossie-

mouth along the Moray Firth Coast. Noss Head is also a locality where

plaice spawn in number, but the frequency is very much less than at

Tarbet Ness. The intensity of spawning between Dornoch Firth and
Noss Head is much lower than at either of these localities. There is a

spawning area in the neighbourhood of Bosey's Bank, and although

spawning plaice are few in number their occurrence here is exceptional.

To conclude—plaice spawning is localised. It is true that each of

the favoured localities has not been visited regularly, but the obser-

vations are otherwise so extensive that it is all but certain that these

specialised localities are unique, and show but slight variations from
year to year. Since these spawning localities are not fortuitous they

must be intimately correlated with conditions which are advantageous

to the species. The selecting of the spawning area determines more
immediately the fate of the newly hatched larvse and later the distri-

bution of the very young forms.

AVhile pelagic plaice eggs at the different stages of development,

even with the larva ready to hatch, are exceedingly numerous, the
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** Goldseeker " records prove that the numbers of larval and post-

larval forms in the collections made dmring the period under observa-

tion are very few. Previous workers have commented on the paucity

of larval and post-larval forms. Within the Moray Firth, as well as

in other localities, where eggs with almost fully developed embryos
have been taken, the occurrence of larval forms is extremely rare.

It has been noted that there is a remarkable fall in the frequency of

eggs in the later stages of development in most of the areas of high

frequency for freshly spawned eggs. It has been suggested that this

fall may be due in great measure to their dispersal over a wider area

as they advance in development, and therefore a lower frequency of

those eggs which are advanced in development might be expected

at any particular locality. Undoubtedly the area of distribution

of eggs in the later stages of development is more extensive than that

of the freshly spawned ones. But this dispersal is not in itself suf-

ficient to account for the rapid decline in their frequency, for even in

the month of March there is no very obvious accumulation of earlier

spawned eggs that have now advanced in development.

It has also been suggested that this loss is due to the high rate

of mortality amongst the eggs. Observations made in the spawning
season of 1914 gave a remarkable illustration of the importance of

this factor, when an enormous number of dead eggs appeared in the

February and March plankton. These dead eggs, though of slightly

higher specific gravity than living ones, do not immediately fall to

the bottom, but do so as soon as they are placed in a glass of fresh

sea-water in the laboratory. Doubtless the movement of the water
in the sea is sufficient to keep them in suspension for a time. These
eggs which sink to the bottom of a jar of sea-water are opaque, and
while many of them show no signs of the development of an embryo,
others have embryos in all stages of development. There is thus a

real mortality amongst the eggs, and death, in many cases at any
rate, is not due to the lack of fertilisation. It is impossible from
preserved material to separate eggs living and fertilised at the time
of capture from those already dead or unfertilised.

While it is difficult to apportion the factors, dispersal, and mortality,

yet these, taken in conjunction with the fact that the present

communication is brought up to the end of March only, explain the

paucity of records of larval forms.

The tables of occurrence of plankton stages of plaice in the
Northern North Sea from January to March show clearly that the
area of distribution of these young forms thus early in the year is not
more extensive than the area of distribution of newly spawned eggs.

Indeed, most of these plankton forms were taken in close proximity
to those areas which have already been shown to be favoured spawning
places. Even although our information regarding the larval and
post-larval forms appears meagre it is trustworthy, owing to the fact

that there is at this period no doubt as to the identification of the
forms. Confusion Mth the young stages of such a closely allied

form as the Common Dab {Pleuronectes limanda) is entirely eliminated
during these early months. While most of the specimens captured
were from 6 to 7 mm. long, none exceeded 7 '5 mm. In all cases
the yolk sac had disappeared, and in many of the prepared specimens
it was clearly evident that plankton feeding had begun, and although
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some of the material had been preserved in formalin for a number
of years Coscinodiscus could still be identified lying in the intestinal

tract in a number of the specimens.

The comparatively rich collections of plaice larvae from stations

in the Moray Firth in January 1905 is extremely interesting and
agrees with the condition found for the early appearance of the eggs

in that spawning year. Spawning season 1904-1905 was an early

one in that locality, and the eggs from which these larvae had hatched
out may have been spawned in the last days of November or early

in December. The appearance of such a large number of larval

forms at Station 30 thus early in the season is also significant as it was
shown that eggs in the later stages of development also appeared

early at these offshore stations, earlier, in fact, than the newly spawned
eggs. Both the eggs in the later stages of development and the

larvae at the offshore stations must have been derived from an earlier

spawning area, and the only area which has been shown to be earlier

is the Dornoch Firth.

Similarly, in March 1906, at Troup Head and Kinnaird Head,
where the percentage of eggs in the later stages of development was
high, hatched out larvae were found before larvae had appeared in

the plankton at Lossiemouth, which is a much more important spawn-

ing ground. These facts help to confirm the view that there is an
alongshore drift eastwards of eggs and larvae from Lossiemouth,

It is known that the plaice after metamorphosis finds a suitable

habitat on shallow sandy flats, and that such favoiuable localities in

Scottish waters occm' only on the very margin of the coast. The
advantages of this habitat to the species have been aptly put by Dr.

Fulton :

—
" The selection of this habitat is clearly of advantage to

the species in summer, since it is the region of maximum warmth,
but it is curious that the beach should still be frequented in winter

when it is the coldest region ; for although the larger individuals

and some of the others appear to withdraw to slightly deeper water,

they may still be procured on the beach in considerable numbers.

There is probably a greater advantage to the species by the com-
parative immunity from enemies which the situation confers, since

few piscivorous fishes venture into shallow water unless in exceptional

circumstances."

It is desirable, even at this stage, to enquire how far the study of

the distributions of eggs in thfe various stages of development provides

information as to the conditions as well as to the localities in which

the tiny larvae are hatched out. Are the chief spawning places such

that, when the bulk of the larvae appear from the egg, they find

themselves in the immediate neighbom'hood of a locality suitable

for development ? To what extent do the prevailing physical con-

ditions assist the passive eggs and helpless larvae in securing a suitable

habitat for further development ? It is of vital importance to the

species that there should be an intimate connection between the

spawning grounds and the localities suitable for growth.

It is known that as the tiny plaice grow they gradually migrate

seawards to deeper waters, and from a knowledge of these movements
Heincke has been able to formulate the following law of distribution

for the plaice :

—
" The size and age of the plaice in a definite part of

the North Sea are inversely proportional to the density of their occur-
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rence, but directly proportional to the distance of the locality

from the coast and to its depth." Thus the growing plaice will come
under the influence of the trawl and be captured in largest numbers
on those grounds which are adjacent to the suitable gathering places

of the larvae. Our most recent knowledge of the distribution of

small (or young) plaice in Scottish waters is derived from the publica-

tions of Professor D'Arcy W. Thompson and Dr. Fulton. Professor

Thompson shows that small plaice are practically absent in our

deeper waters, and that, actually and relatively to the other sizes,

they increase in numbers as we pass to the shallower zones. Dr.

Fulton gives a detailed account of the occurrence of small plaice

within the different statistical areas.

That the pelagic eggs of the plaice, as the embryo advances in

development, tend to sink to the lower water layers has been fully

shown in the tables already given. But even if this sinking of the

egg be doubted, the " Goldseeker " records amply prove that eggs

in the first stages of development also occur in the deeper water

layers. Any efforts made to trace the influence of the drift of the

waters on the fate of the eggs and newly hatched larvae must necessarily

take into consideration not only the movements at the surface but

also the direction and velocity of the deeper currents.

The general movements of the cm'rents in the Northern North Sea

have recently been very fully investigated by the use of different

types of floating bottles. Dr. Fulton was the first to employ this

means of studying on a large scale the direction and velocity of the

sm'face currents on the Scottish Coast, while Captain Brown has,

by means of specially loaded bottles, added greatly to our knowledge
of the movements of the bottom currents. These experiments prove

the existence of a circular movement of the waters in the Northern
North Sea, the bottom currents moving in the same general direction

as the surface ones but at a slower rate. It may be stated roughly

that the drift of the water entering the North Sea from the west of

Orkney and Shetland turns southwards on the western side of the

North Sea,. then eastwards towards the Continent, and finally north-

wards along the coast of Norway. The average rate of the surface

water off the East Coast of Scotland is from 2 to 3 miles per day. The
general tendency would therefore be for pelagic eggs to be carried

southwards and eastwards, but Dr. Fulton has shown that in the

case of the plaice there is a compensatory northerly movement of

matm^e adults. Such is a broad statement of the general facts.

In estimating the influence of the currents the fact must not be
ignored that plaice eggs are spawned only at particular seasons of the

year and in numbers only in restricted areas. It is therefore ob\dous

that local and seasonal variations of current, due to the configuration

of the land or sea bottom, the prevailing winds, and the volume of

the main inflowing stream, may play a very important part in deter-

mining the dispersal of pelagic eggs all spawned in relatively shallow

water in the vicinity of the Scottish Coast.

Further, no doubt the time as well as the duration of spawning
have an intimate connection with the seasonal variations of current.

Dr. Damas has shown that saithe, for example, spawn in large numbers
on the Tampen at a time when there is a hydi'ogTaphic equilibrium

over that area.
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Experiments with drift bottles have proved that the general

south-going current is profoundly modified in the Moray Firth, for

while the bulk of the water after impinging on the coast of Banff and
Aberdeen continues its southward course a portion is deflected west-

wards to the inner reaches of the Firth. The third western meridian

is roughly the line of division of the directions of the flow of these

bodies of water, the westerly deflected portion of the current forming

a series of eddies within the Firth. Captain Brown shows that not

only is there a south-westerly set towards the Cromarty Firth, but

that these currents are continued along the shores of Sutherlandshire.

Now our most important plaice spawning grounds lie within this

region of the Firth, and their position is such that the drift of the

pelagic eggs is affected by the currents mentioned. The important

spawning ground off Lossiemouth lies just at the point where the final

separation takes place between the east and west-going currents.

It has already been shown that there is a gradual increase in the

percentage of eggs in the later stages of development eastwards

along the coast from Lossiemouth. In addition, the region off Tarbet

Ness is known to be not only an early spawning area but one of high

density. This area of high density is of considerable extent, for

in the statistics already given there is a great similarity at any
particular time in the percentages of eggs at the same stages of

development. This similarity is easily explained by the existence

of a circular movement of the water in the locality. At a given

moment the stages of development of eggs at Helmsdale agree rather

with the conditions at Tarbet Ness than those at Noss Head. The
circular motion of the waters would also fully account for the appear-

ance of eggs with well developed embryos on the off-shore grounds
before spawning had begun there. These eggs must have been
derived from the early spawning gTounds of the Dornoch Firth or

Tarbet Ness since spawning had not begun within the areas to the

north. It might be suggested that eggs in an advanced stage of

development, which appear early on the south edge of Smith Bank,
had been carried from spawning grounds on the North of Scotland

or to the east of Orkney. A reference to the remarks already made,
when the separate stations were being considered, will show how
unlikely it is that, thus early in the season, these eggs could have
been carried from the northern areas. Neither can they be derived

from Noss Head since that has been shown to be a later spawning area.

The influence of the south-flowing current is well seen in the

non-appearance of eggs in the later stages of development to the east

of Orkney even in the month of March, although spawning begins there

in February.

In the present communication little can be said with certainty

concerning the conditions on the more northerly areas around
Shetland since it has been found that spawning is late in that locality.

This much, however, may be said that spawning is not general in the

shallow coastal zone round the Islands.

Dr. Fulton has traced out the general southerly movement of the

sm-face waters on the East Coast of Scotland, and has shown how the

current impinges on those portions of the coast which lie at right angles

to its general flow, and that on the Yorkshire coast it is finally deflected

eastwards towards the continental coast. Captain Brown describes
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how the bottom currents on the East Coast of Scotland divides in the

region of the " Long Forties," and how one branch takes a south-

westerly set towards the Firth of Forth. This branch again divides

off Fife Ness, and in addition to the set into St. Andrews Bay a deep

current flows northwards, across the Tay and up the Scottish Coast as

far as Johnshaven. There is, of course, as has been stated, a close

connection between sm'face and bottom currents, and the stranding

of surface bottles on the East Coast of Scotland would seem to show
that the configm'ation of the coast and sea-bottom south of Buchan
Ness modifies the general direction of flow of the western periphery of

the south-going ciurrent.

We have seen that spawning on the East Coast of Scotland is

somewhat sharply restricted in an easterly direction, and that the chief

spawning grounds lie in a narrow belt not more than twenty miles

from the coast, stretching from Montrose to Aberdeen. This zone

is sandwiched in between the main south flowing current and the

north-flowing branch from Fife Ness, so that eggs spawned in an area

so situated are thus less liable to be drifted extreme distances sea-

wards or southwards. No doubt most of the eggs which are carried

eastwards along the south shore of the Moray Firth are found ulti-

mately on the sandy shallows southwards from Buchan Ness. Now
it has been shown that the maximum catch of small plaice in any
area in the North Sea frequented by Aberdeen trawlers was in

statistical area XXIII. , and area XXVIII. has the highest mean
density of small plaice on the Scottish Coast. In all probability therefore

the supply of small plaice on the East Coast of Scotland within these

statistical areas is maintained not only from adjacent spawning ground
but also from spawning grounds in the Moray Firth,east of Lossiemouth.

The annexed chart illustrates, in a summary way, many of the

points already set forth regarding the distribution of the pelagic eggs

of the plaice in the early months of the year and its relations to the

general distribution of plaice classified as " large " and " small
"

in the market statistics. The limits of distribution of large plaice,

that is, those plaice which have reached spawning age, agree very
closely with the bathymetric contour line of 50 fathoms, and the area

within which the pelagic eggs of the plaice have been found is co-

extensive with the area of distribution of these adult fish. All ob-

servations made to the east of this line have given negative results,

whilst at most of the localities within the shallower area positive

records have been obtained on some occasion. One exception may
be made to this general statement, as it is probable that a very small

number of plaice may spawn in the neighbourhood of the Bergen
Bank (59° 55' N., 2° E.). I am indebted to Mr. George Robertson,
Captain of the S.T. " Ortes," for this information. On the 28th

April 1914 he brought to Aberdeen market three female plaice which
he had captured in the locality. Two of these were spent fish in very
poor condition, but the third was fully ripe with running spawn, a

sample of which was kept. This information confirms a " Gold-

seeker " record which I had long looked upon as an anomalous one.

On 15th March 1908 a plaice egg in the " y " stage of development
was captured in the plankton at Station 7B (60° 35' N., 1° 50' E.).

This is the solitary record obtained by the " Goldseeker " from the

large deep area east of the fifty fathom line, but when taken in con-
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junction with the record of capture of the mature plaice it confirms

the view that some plaice may spawn on the relatively shallower

Bergen and Viking Banks.

While the occurrence of extremely small plaice on the beaches

is not indicated, the chart shows at a glance how the " small " plaice

(in the market sense), which are immature, are much more restricted

in distribution than the large plaice. On the other hand, although

plaice eggs are found as widely distributed as the mature or large

plaice, the chief spawning areas lie within the area of distribution of

the small plaice. Mature plaice are therefore more numerous in the

shallower zones during the spawning months. This statement is

confirmed by the records of the seasonal distribution of large plaice

within the different statistical areas. The spawning grounds of the

mature plaice are more localised than their feeding grounds.

If a chart showing the direction of the prevailing currents in the

Northern North Sea is superimposed on the chart of distribution of

the pelagic plaice eggs it is seen that the principal spawning areas

lie within the western periphery of the south-going current. It is

true that the south-going current tends to carry the passively floating

plaice eggs and the helpless larvae in that direction, but it is also true

that there is a general movement northwards of adult plaice which
compensates for this southerly drift.

The contour of the East Coast of Scotland is such that the main
south-going current is shouldered off at Noss Head to impinge on
the south shore of the Moray Firth, east of Lossiemouth. The main
spawning grounds for plaice in the Moray Firth lie to the westwards

of the main stream within the triangle so formed. Eggs spawned in

this area are therefore in an eddy and are not directly influenced by
the main current. Again, the south-going ciu-rent is shouldered off

the coast at Kinnaird Head and Buchan Ness, whilst there is a further

divergence of the current, especially in the bottom layers, in the

neighbom-hood of the " Long Forties," so that the western part

branches sharply to the southwards and south-west, forming a very

decided set towards the Firth of Forth and the coasts lying south of

it. It has been shown, however, that the chief spawning localities

on the East Coast of Scotland lie within the triangle, the base of which

extends from Kinnaird Head to Berwick and the apex of which lies

in the vicinity of the " Long Forties." The chief spawning localities

for plaice on the Scottish East Coast are thus so situated that the

passive eggs are carried a minimum distance from the localities in

which they were spawned.

There is apparently little or no correlation between these favoured

spawning places and the temperature and salinity of the water,

although these factors in themselves are not unimportant for the

welfare of the species. This is mentioned because the Dutch in-

vestigators have shown that in the Southern North Sea by far the

most important spawning area for plaice is in the south-western

corner where the temperature and salinity are high. But even in

this case, too, these factors of salinity and temperatm'e may be of less

importance than the influence of the prevailing current on the welfare

of the species since the eggs and larvae are gTadually carried eastwards

towards the great nursery for plaice in the south-east corner of the

North Sea.
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No doubt the time of .spawning is influenced by the temperature,

as it has been observed that in the Moray Firth area spawning occurs

later and later in an easterly direction.

A study of the distribution of the main spawning areas in the

Northern North Sea and the influence of the prevailing currents on the

passive eggs and helpless larvae suggests that there is probably little

or no interchange between the stock of plaice on the Scottish Coast

and that of the Southern North Sea. Even in statistical areas XXIX.
and XXX., where the depths are not excessive, small plaice are but

poorly represented since the south-westerly branch of the main
current tends to carry coastwise eggs spawned within or to the north

of these areas.

The selection of such definite spawning places ; the influence of

the prevailing currents on the plankton stages ; the gradual off-

shore movement of the young plaice with increasing age and size
;

the compensatory northerly movement of adult plaice ; all tend to

show that the stock of plaice on the Scottish coast is practically

a self-contained one. The life-cycle from egg to adult is passed

through within the area. If such be so, problems concerning the

maintenance of the stock are much simplified.

The present contribution does not deal with the entire spawning

period on the Scottish Coast, but it is desirable even at this stage to

review the facts already elucidated for a part of the season and to con-

sider their bearing. So often has the problem been attacked by in-

vestigators, more particularly by Scottish workers, and so numerous
have their publications been that it is almost impossible to acknowledge

briefly one's indebtedness to individual writers. Special reference must
be made to contributions on this subject by Dr. Fulton, especially

to his work on the relation of the currents of the North Sea and their

bearing on the spawning of the common food fishes.
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Table I.

—

Stations investigated during the months Decemher to

March (1904-1913.

Station.
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station. Lat. Long. •
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station
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Table II.—Plaice Eggs.—Number at "a" stage of development in one
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metre cheese-cloth net, one half-hour at surface {190-4-1913).

42
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TABLE III.—PLAICE EGGS.

DECEMBER 1904-1913.

Year.
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FEBRUARY 1905.

5
5
7

7

8

12
12

13
13

25
27
27

3
17

17
20

-*^
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21
22
22
22
22
22
23
23
23
24
28
28
28
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FEBRUARY 1913.
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MARCH 1907.

a)

1
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MARCH 1910.
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MARCH 1913.
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MARCH 1905.

MARCH 1906.

MARCH 1907.

Date.
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ABERDEEN TRAWLING STATISTICS

For the Year 1913.

Introductory Note by

D'ARCY WENTWORTH THOMPSON.

Before entering, as usual, upon oiu' annual siu-vey of the detailed
Statistics of the Aberdeen trawling fleet, let us glance briefly, on
this occasion, at the General Statistics which throw light on the
prosperity and gxowth of the port. In our First Report on Fishery
and HydrogTaphical Investigations, published in 190.5 (pp. 319-3.52),

an account was given of the gTOwth of the trawling industry of Aber-
deen from its fii-st beginning, by means of a single sailing trawler in

1874, and a single steam trawler in 1882 ; and statistical tables were
printed, showing in detail the growth of the industry, year by year,

from 1889-1904. Without again going into the whole question so

fully as was done in that First Report, I may now, once more,
epitomise the leading data, drawn from the Board's General Reports
and Scientific Publications, in order to continue the history of the
Aberdeen fishing industry down to the present time. For brevity's

sake the figm-es for every third year only will be printed in the following
tables.

TABLE A.

Number of Steam Trawlers employed from Aberdeen
and in all Scotland.
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that the value of the fleet has increased about five times, from about

£230,000 to over £1,000,000 at Aberdeen.

A cmious and significant feature of the Aberdeen market dm'ing

the last three or four years has been the great increase in number and
importance of the German landings at the port. The German trawlers

are all large vessels, well-found and well-manned, and their captains

are men oiE more than average capacity. These vessels are employed
for the most part in the Iceland fishery, with occasional voyages to

the White Sea, the North Cape, etc., and the extent of their operations

may be judged from the following Table :

—

TABLE B.

Number of Trawlers, British and Foreign, landing at Aberdeen, during

the year 1913, from Iceland, Faroe, and the White Sea.

British

German
Dutch

Iceland.

. 37

. 529
2

Faeroe.

389

White Sea.

26

That is to say, while the Faroe trawl-fishery, as far as Aberdeen
is concerned, is still in British hands, about 90 per cent, of the valuable

Iceland trawl-fishery has passed into the hands of oiu- German com-
petitors. In other words, the Scottish trawl-master can no longer

compete with the German in the more distant fishing-grounds. The
following Table (C) illustrates the difference between the average

returns per voyage from foreigners fishing on these distant fishing-

grounds, and those from the common run of trips (both near and far)

by Scottish vessels.

TABLE C.

Average Keturn, per Voyage, in Quantity and Value, of British and
Foreign Trawlers, fishing from the Port of Aberdeen, 1913.
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thg-n in tliat of the British trawlers, and the total value of the landings

by foreign trawlers is between one-sixth and one-seventh of the value

of all the trawled fish brought into Aberdeen.

When we reviewed the statistics of the total landings of trawled
fish at Aberdeen up to the year 1904, it was pointed out that the total

quantity landed had increased nine-fold in the preceding 15 years,

and had rather more than doubled every 5 years. So rapid a rate

of increase could scarcely be expected to continue, and we now find

that it has taken just the nine years, from 1904 to 1913, for the total

landings of trawled fish at Aberdeen to be again approximately, but
not quite, doubled ; the quantity landed in 1904 was 1,280,000 cwts.,

and that in 1913 (including landings by foreign vessels) was 2,190,000.

Dming the whole period, 1889-1913, that is to say in 24 years, the total

quantity of trawled fish landed at Aberdeen has increased sixteen-fold,

which rate of increase is obviously equivalent to a ^irocess of doubling
every 6 years (Table D).

The total landings of all fish other than herring, sprat, etc. (that

is to say of demersal fish), caught by line and trawl in all Scotland,

have increased during the same period of 24 years from 1,345,000 to

3,296,000 cwts.—an increase of 145 per cent. This is equivalent to a

process of doubling in 18'6 years.

[Table.
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But the rate of increase has been vastly different in the different

classes of fish. Dealing a.gain with the Aberdeen trawl-fishery alone

(Table D), we find that the landings of " round " fish—cod, haddock,

etc.—have increased twenty-five fold since 1889, while those of " flat
"

fish—plaice, tui'bot, halibut, and the like—have only increased two and
a half times. In the former the rate of increase is equivalent to

doubling the catch every 5 years ; in the latter, to doubling only every

18 years. Indeed, while the landings of round fish have steadily

increased all the while, those of flat fish are scarcely larger in 1913 than

in 1904, and were actually less in 1907 and 1910 than in that year, in

spite of the great increase of the fleet and its catching power. But the

dift'erence becomes still more remarkable when we consider some of the

separate species of fish. We see, for instance, that from 1889 to 1913

the landings of trawled haddock at Aberdeen have multiplied by
seven, those of cod by more than one hundred, and those of ling,

whiting, and saithe, by still greater amounts ; the catch, of cod has

steadily increased, but that of haddock reached its maximum about

1907, and the catch in 1913 was only 63 per cent, of the catch of that

year. Among the flat fishes, lemon sole has increased well-nigh

steadily, though a slight falling off is at length apparent ; the catch of

1913 is about three times that of 1889. The catch of halibut has in-

creased enormously, and so has that of witches and megrims, all of

which deep-sea fishes were landed in insignificant quantities at the

beginning of om' period. But plaice have diminished perceptibly,

and tm'bot have decreased so considerably that the trawled catch of

1913 is less than half that of 1889.

Table E., which exhibits the percentage proportion of each fish in

the Aberdeen trawling catch, illustrates with equal or gTeater clearness

the same gxadual changes. In 1889, while trawling was practically

restricted to the inshore waters, the flat fish, principally consisting of

plaice, constituted 30 per cent, of the entire catch. Now, when
flat fish altogether constitute less than 5 per cent., the plaice itself

constitutes less than 1 per cent, of the total trawler's catch. Cod
has advanced from under 6 per cent, to close on 40 per cent., and
has taken the place of haddock as the most important of all the trawled

fishes. Haddock has fallen, in comparatively recent times, from

constituting 50 per cent, or more of the catch, to under 23 per cent.

On the whole, it is evidently the deep-sea fishes—cod, Hng, saithe, and
halibut—which have taken a larger and larger relative place in the

total catch.

The steady growth in relative, as well as in actual, importance of

the Aberdeen market is fm'ther illustrated by Table F. In this Table

are compared the quantities of fish landed in Aberdeen, both by line

and trawl, with the total quantities landed in Scotland—the herring

fishery always excepted. We see that the total landings of trawl and
line-caught fish at Aberdeen amount to no less than 73 per cent.—
very nearly three-quarters—of the entire quantity landed in Scotland.

In the case of several important fishes—^ling, tusk, saithe, hake, and
halibut—from 80 to 90 per cent, of the entire Scottish supply are

landed at the port of Aberdeen.

Let us now consider, for a moment, the place which Aberdeen holds

as a fishing port in comparison with the gi'eat English markets ;
and

here we are of com'se dealing, as elsewhere in this article, only with
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" demersal " or trawl and line-caught fish, and not at all with the

great herring fishery. While in icgard to the herring fishery Aberdeen
is far outstripped by a great number of stations, both English and
Scotch, it is only surpassed by one, namely, Grimsby, in regard to the

quantity of its landings of demersal fish. And, as we have already

seen, Aberdeen not only outstrips in this respect all other Scottish

stations, but actually lan.ds close on three times as much trawl and
line-caught fish as all the rest of Scotland put together.

TABLE G.

Total Quantity of Demersal Fish landed at the Six Principal English Ports

;

showing also the Percentage Proportion relatively to the Catch at

Aberdeen.
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Lastly, we may illustrate the growth of the trawling industry as a

whole by the help of Table H, in which is set forth the percentage

proportion of trawl-caught fish to the total supply from line and trawl

—that is to say, to the total catch of " demersal " fish. This Table

brings out several interesting facts. In the fiist place, it draws attention

to the strong contrast between certain fishes which are and always

have been caught almost entiiely by the trawl, such as lemon sole

and (though to a less extent) tmbot ; and others, such as conger-eel,

which are and always have been caught almost wholly by line. Again,

in other cases, we see how, five-and-twenty years ago, the trawling catch

formed an insignificant, or almost insignificant, proportion of the

whole, but has now come to contribute by far the greater proportion.

This is true, for instance, of cod, saithe, and whiting. In yet other

cases, such as ling, halibut, and skate, the trawl catch has pro-

gressively increased, forming a larger and larger percentage of the

whole, but nevertheless the liners still fiu"nish us with the greater

part of the supply. And lastly, both in regard to the total catch and
to each separate fish, we see more or less clearly how, diuing the

period in question, the trawled catch increased at first comparatively

slowly, then with greater and greater ra{)idity, until at length the rate

of increase diminished or was arrested, and a condition of approximate
equilibrium set in. There is, in fact, no longer, nor has there been
for the last few years, a tendency for the preponderance of trawled

over line-cauoht fish to s-o on increasing.



ABERDEEN TRAWLING STATISTICS

For 1913.

There are here presented, for the year 1913, the detailed returns of

the Aberdeen trawhng fleet, such as have hitherto been published,

for the years 1902-1912, in the special Reports of the Board's North
Sea Investigations. These returns are of two kinds.

In the first, and briefer, series of Tables is shown the catch of the

entire trawling fleet, both British and foreign vessels, landing at

Aberdeen. The British landings were 11,499 in number, the foreign

592, making a total of 12,091. For these voyages there are recorded

the number of days that the vessel was absent from port, the gross

earnings, and the quantity of fish landed of each kind and market
class. These are further classified according to the place of fishing

into the following regions :

—

(1) Northern grounds, including areas VI.-XVI.

(2) East Coast grounds, including areas XVII., XXII., XXIII.,
XXVIIL, XXIX.

(3) Middle grounds, including areas XVIII.-XXI., XXIV.,
XXV., XXX.

(4) South-eastern grounds, including areas XXVI., XXVII.,
XXXI.-XL.

(5) Various North Sea grounds, including catches made up
from more than one of the above regions.

(6) Western grounds, off the north-west and west coasts of

Scotland.

(7) Faroe and Iceland.

(8) Mixed gTounds, to include catches made partly in the

North Sea and partly on the western or northern fishing

grounds.

(9) And lastly, the White Sea, Norwegian Coast (north of 62°

N.), and other distant fishing-grounds.

Our first series of Tables, then, show (p. 30) for these larger

areas

—

1. The total number of voyages during the year, the total

catch of each land and class of fish, and the gross earnings

of the entire Aberdeen trawling fleet.

2. The average catch and average earnings per voyage.

3. The average catch and earnings per day's absence from port.

4. The percentage yielded, by each of the above fishing-

grounds, of the entire catch, and of each class of fish.

The second series of Tables (pp. 34-70) are based on a smaller

number of voyages, in regard to which is received, by the Idndness of
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the owners and captains, full information as to the place of fishing

and the number of liours spent in actual trawling. It is on this

information that the Board depends for its knowledge of the variations

in the average catch on each particular area from season to season

and from year to year.

In the year 19l;> the Board received such information from 10,388

voyages, or over 8G per cent, of the whole, leaving 1698 voyages
whose place of fishing is only approximately ascertained, and for

which the time spent in fishing is unknown. But out of these 10,388
voyages, in 1521 cases the vessel fished on more areas than one in

the North Sea, and in 219 cases the vessel fished both within and
without the North Sea. There are left, accordingly, 8648 voyages
(or about 83 per cent, of all those included in the Board's general

statistics) which yield us full information as to the catch per unit of

time on some one particular ground. Accordingly, for these 8648
vessels the detailed Tables give the following information :

—

5. For each area into which the North Sea and the waters
adjacent to om- Western coasts are divided for statistical

pm-poses (areas covering one degree of latitude and two
degrees of longitude) there are shown (a) the total number
of vessels known to have fished in that area, month by
month

; (6) the number of days during which they were
absent from port

;
(c) the number of hours actually

spent in trawling.

6. The total catches of these vessels have not been printed in

full, as was done in former years ; but, reducing these

data to averages, there is shown, as formerly, for each
month and for each area (a) the average catch, per 100
hom-s' fishing, of each kind and class of fish, and (6) the
average earnings for the same unit of time.

7. Lastly, there is shown for each area, the mean monthly
percentage of cod in the total catch of cod and codling,

and of small haddock and small plaice in the total catch
of those fishes.

Dealing firstly with the main body of statistics, there is shown,
briefly, in the following Table (I.), the total quantities of trawled
fish landed in 1913 by Aberdeen trawlers from the principal fishing-

grounds.

[Table.
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The total trawled catch for 1913 is about 9 per cent, in excess of

that of 1912 (Table II.). The landings from the East Coast, or " Near

Grounds," are slightly diminished (by 4*4 per cent.), and those from

the West Coast grounds show a more notable falling off (28 per cent.).

From all other regions the catch is increased. The North Sea landings

as a whole have increased by 7 per cent., and those from Iceland and
Faroe, by reason of the large German landings already refen^ed to,

by no less than 20 "5 per cent. The landings from the White Sea and
Norwegian Coast, while still small, are four or five times greater than

in the previous years.

TABLE II.

The Total Aberdeen Trawl-catch from the Principal Fishing Grounds
;

Comparison between 1913 and 1912.
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Fig. 1.—Total monthly landings of trawled fish in Aberdeen, 1912 and 1913
(smoothed curves).

In Table III. I show, in an abbreviated fashion, the average

annual catch per voyage in cwts. of the whole Aberdeen fishing fleet,

for the successive years 1905-1913 ; and in Table IIIa. the same
results are shown for the successive triennial periods, 1905-07 to

1911-13.

I
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TABLE III.

Average Total Catch in Cwts. per Voyage of Aberdeen Trawlers,
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TABLE IV.

Average Catch of Certain Fish in Cwts. per Voyage, 1905-13,

Northern Grounds.
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to decrease is j^erceptible, and small lemons, after some years of more
or less steady increase, now also show si<i;ns of diminution. But in

regard to turbot, haddock, and plaice, there is distinct evidence of

gradual diminution. In the case of tiu'bot this diminution is not

very conspicuous on the Northern grounds, but is marked both on
the East and West coasts. Large haddock have steadily and seriously

diminished. The decline in laige plaice has been great and con-

tinuous, and the decline in medium plaice, though not so great, is very

apparent on the Northern and Western grounds. Small plaice show
many fluctuations and have been of late abundant in some regions,

for instance on the Western grounds ; but elsewhere, and expecially on
the Eastern grounds, they also have shown a tendency to diminish.

The following Table (Table V.), shows the number of voyages
made to the several fishing-grounds in 1912 by the Aberdeen trawling-

fleet, including the foreign vessels alreadv referred to :

—

[Table.
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TABLE VI.

Percentage of Total Number of Voyages of Aberdeen Trawlers

to the various Grounds.

21
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we dealt with the cod, the ling, and the witch ; this year let us consider

the hake, the saithe, the megrim, and the lemon sole. In all cases we
shall limit om" inquiry, more or less strictly, to the more important
fishing-areas—that is to say, to those where the amount of fishing is so

great as to fm'nish us with a practically complete statistical record,

month by month, dming the whole series of years since om' investi-

gations began.

The Hake.

In the following Table (Table VII.) are shown the average catches

of hake, per hundred hours' fishing, in seven of om- principal areas,

the values given being the means for the period of eleven years, 1903-

1913. No one of om- trawl-caught fishes shows so clearly as the

hake does a regular annual periodicity. On our coasts the catch of

TABLE VII.

Average Monthly Catch of Hake, in Cwts., per 100 Hours' Fishing,

Aberdeen Trawlers, 1903-13.

Area.
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is to say, the hake are cauj^ht in larger iiiunbei's in those areas to

which they first come, and by the time we have got as far south as

the Aberdeen coast (Area XXIIl.), their numbers are very small

indeed, though they are still enough to indicate a seasonal maximum,
as in the other more frequented areas.

In Figm-es 2-5 are set forth the successive monthly catches during

all the years for which we have information. Only four areas are

here dealt with, for these are sufficient for illustration, and besides, in

nearly all the others the total catch of hake is so meagre that the

material at hand for such cm-ves becomes inadequate. In Figure 2,

for the Shetland area (X.), we have a beautifully regular curve, in

which is at once seen how the catch rises every autumn, at almost

precisely the same date, and how it falls in late winter to stand for

several months at a value so low that we may regard it, comparatively

speaking, as almost nil. We see, further, as a very marked featm-e

of the diagram, that the catch was much higher in the years 1903-1905

(and especially in 1904) than in any of the succeeding years. There

have been minor fluctuations during recent years, but there is no

indication at all of a gradual and continued decline.

Figs. 3 and 4, dealing with Areas XIV. and XVIII., more and
more to the southward of Area X., are highly interesting for comparison

with that area, as just described. For it will be seen that they indicate

precisely the same exceptional catches of hake in the 1903-05

as we have seen in Area X., and however convincing the statistics

from any one area may be, it is always useful, and it helps greatly to

assure us of the value of our statistical method, when we find the

evidence furnished by one particular area to be repeated and confirmed

by the independent observations in one or more adjacent areas. In

these two latter areas, XIV. and XVIII., we see in the more recent

years certain minor fluctuations which are not always identical in the

separate areas, nor are they, perhaps, large and important enough to

make us expect that they should be so ; but both in Areas XIV. and
XVIII. there is an indication of a catch considerably above the average

in 1908. On the whole, the catches from 1906 onwards are character-

ised by very considerable regularity, and there is no appearance what-

soever of gradual impoverishment. Lastly, it will be observed that

the actual magnitude of the catch diminishes steadily from Area X.,

through Area XIV., to Ai-ea XVIII. ; that is to say, as we proceed

southward along the line of migration and follow the comparatively

small and dwindling body of hake, which enter the North Sea as an
offshoot from the main Atlantic shoal. In the Western area, C. (Fig. 5),

which includes Rona and Sule Skerry, the curve for hake is qiute

dif?erent from those just described, dealing with areas to the north-

east of Scotland. In this case there is no sign of large catches in 1904

or 1905, but on the other hand there are large catches in the winter

of 1907-08, and again, at the end of our period, in the years 1911-13.

This, and also the fact that the annual date of the appearance of the

hake is no earlier in this and the neighbouring Western areas than

it is in Shetland and to the south thereof, would lead us to think that,

whatever the precise route may be which the migrating hake follow,

it is not such as would lead the fish close round the north of Scotland

from the neighbourhood of the Much to the neighbourhood of Shetland.

The evidence, so far as it goes, rather entitles us to think that the
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hake, coming in from farther to the westward, arrive almost simul-

taneously in these two regions, namely, the Shetland region and the

region north of the Lewes, and that their course is directed in some
years more abundantly to the one and in some years to the other.

The Saithe.

The saithe is another fish whose seasonal migrations are clear and
regular, though it does not at any season desert our coasts so completely

as the hake does. From Table VIII. (supplemented by some other

data which I have not printed), we can trace the course of at least

part of its annual migration. It comes to us from the north. At
Faroe its season of maximum is in early spring, about the month of

March, at which season the average catch per hundred homes' fishing

TABLE VIII.

Average Monthly Catch of Saithe, in Cwts., per 100 Hours' Fishing,

Aberdeen Trawlers, 1903-13.

Area,

X. .

XIII.
XIV.
XVIII.
XXIII.
D. .

Faroe
Iceland

X. .

XIII.
XIV.
XVIII.
XXIII.
D. .

Faroe
Iceland

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept

24-8
23-4
20-1
9-9
•9

11-1

12-3
41-8

21-9
19-6
18-2
10-2
1-0

9-6

21-5

79-7

28-7
13-1
16-7
5-6
•6

15-4
40-9
52-6

33-4
6-6

12-8
3-8
•6

21-9

66-5
82-9

33-9
17-6

10-9
3-6
2-5

23-0
56-2

179-9

50-7
23-5

51-8
9-2

2-9

24-9
23-7
76-9

43-8

26-4
31-9
26-4
4-2

24-9
27-0
45-5

20-9

18-9
2.5-1

48-2
9-5
9-8

24-3

123-2

10-1

6-6

25-6
23-1

7-6
8-9

30-6
159-2

The same numbers smoothed.

31-7
11-2

13-6
3-5
1-2

19-4

55-5
98-6

39-3
15-9
25-2
5-5

;

2-0

23-3
48-8

113-8

42-8
22-5
31-5

13-1
3-2

24-9
35-6
100-8

38-5
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there are indications of a double maximum—in Iceland about March

or April and again in August, in Ai'ea XIII. in early summer and

again in late autunni ; but if we have here, as is probably the case,

some indication of a returning migration, our evidence is not yet

complete enough to let us follow it in detail. Returning now to the

curves (Figs. G-9), which show the consecutive monthly catches from

year to year, we find that in all the areas illustrated (X., XVIII.,

XXIII., C), the line runs with almost monotonous regularity through

the years 1903 to 1911, but in all cases there is a very marked increase

in the catch of saithe in 1912 and 1913. The fact this fish is made
more use of, and that there is a better market for it nowadays than

formerly, is undoubted, and must not be forgotten ; it may well be that,

in consequence, considerable quantities of saithe are brought to

market which a few years ago would have been thrown overboard.

But all the same, this tendency to set gTcater store by the saithe is by

no means so recent as 1912, and has been growing gradually for a good

many years. The large catches indicated in 1912, and the still larger

that are shown in 1913, are, undoubtedly, in my opinion, indications of

a real state of exceptional abundance.

Of the fiat-fishes, two, namely, the plaice and the witch, have been

considered in recent Reports. We found in the case of both of these,

and especially of the former, that there was ample evidence at hand
to show that they had decreased in abundance dming recent years.

Let us now consider the megrim and the lemon sole, in neither of which

have we the same proof of notable diminution.

The Megrim.

The megrim is a Northern fish, its headquarters with us being

in the areas around Orkney and Shetland. The largest catches

(Table IX.) are made in Area XIII., to the north of Orkney, and next

in order comes the Shetland area (X.) and the group of areas (XIV.,

XVIII. , XIX.) to the south and south-east of Shetland. Though
an annvial migration of megrims certainly exists, its coiu-se is not easily

ascertained. It would seem that the season of maximal abundance in

the Western areas, C. and XIII., is (as it also is in Faeroe) about

December ; February or March is the time of greatest concentration

in the Shetland region and the areas south-east of Shetland. Farther

to the south (Area XXIII.) and also farther to the east (XIX.), the

maximum occurs in summer, about July, and in Ai-ea XVIII. there

is a secondary maximum, or returning migration, about this period.

As it is only in a few areas that megrims are plentiful, so it is only

from these few that we have statistical material sufficient for the

drawing of our continuous curves (Figs. 10-13).

As regards small megrims, we see that in Area X. (Fig. 10) they were
comparatively plentiful, much more so than for many years after-

wards, in 1903 and 1904 ; but there is again some evidence of retm-ning

plenty in 1913. In Area XIII. (Fig. 12), which may be said to be the

headquarters of the fish, we see considerable differences in abundance
from year to year ; but these fluctuations are irregular, and there is

no sign whatever of that steady and gradual diminution which appears

in the case of the plaice and of the witch. Much the same is true
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of the large megrims (Figs. 11, 13) ; here also there is evidence, both

from Area X. and Area XIII. , that megrims were more plentiful about

1903 to 1905 than in later years, but here again the smaller catches of

subsequent years show no sign of gxadual or persistent diminution.

TABLE IX.

Average Catch of Large and Small Megrims, in Cwts., per 100 Hours'
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south of Shetland, as Fig. 15 sliows, in 1909 and 1910. But on our

Eastern areas, XXIIL, and XXIX., they have shown a marked and
almost steady increase dming manv vears, and were markedlv abun-

dant in 1911," 1912, and 1913 (Figs. 11, 19).

TABLE X.

Average Monthly Catch of Large and Small Lemons, in Cwts.. per

100 Hours' Fishing, Aberdeen Trawlers, 1903-13.

Area.
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(Fig. 18) a tendency of the same kind, but less marked, may be detected.

It still remains true, however, that in comparison with the marked and

indubitable decline which the catches of plaice and witch have under-

gone, om- statistics in the case of the lemon sole show good evidence

of a satisfactory maintenance of the supply.
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Fig. 10 Mean Monthly Catch of Small Megrims in Cwts. per 100 Hours' Tuawling in Area X. (Smoothed Curve)
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STATISTICAL TABLES.

I. Epitomised Tables of the Gatch landed at Aberdeen, in 1913, by

British and Foreign Steam Trawlers.

J^lfote.—The figures here given are not identical with the official

returns for the Port of Aberdeen, set forth in the Board's

Annual Eeport for 1913, pp. 72, 73. The greater part of the

Scottish landings by foreign vessels (pp. 122, 123) also refer

to the Port of Aberdeen, and these foreign landings are here

included. Secondly, as has been explained in our Fifth Report

on North Sea Investigations (1913, p. 207) the method of

estimating the weight of certain fish has, since 1909, been

altered, in the direction of greater accuracy, in the Official

Report ; but here, for the sake of uniformity and comparison,

the method in use in earlier years is still retained. It must be

carefully understood that the weights given in these Tables are

based on estimate and not on actual weighings. Strictly speak-

ing, these statistics are based on a unit of measurement, viz. the

so-called hundredweight box, and not upon a unit of weight.

In the total quantities dealt with, the discrepancy between

these figures and those of the official returns amounts, after

taking the foreign landings into account, to about 2 3 per cent.

After further taking account of the differences of estimated

weight, the discrepancy practically disappears.
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II. Returns of Place of Fishing, and of Fish landed hy Steam Trawlers at Aberdeen Market^

in 1913. Based on returns from 8648 trawling voyages.

Number of Voyages of Aberdeen Trawlers furnish ing Detailed Returns of Place of

Fishing and Hours of Trawling—1913 (excluding voyages during which the vessel

fished on more areas than one).
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Number of Hours of Actual Trawling by Aberdeen Trawlers, on which are

based the Tables of Average Catch per 100 hours— 1913.
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Average Catch of Cod, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Codling, in Cwts., per 100 Hours' Fishing

(Aberdeen Trawlers)—1913.

Area.
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Average Catch of Ling, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Tusk, in Cwts., per 100 Hours' Fishtng (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Saithe, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Hake, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.

VI. .

IX. .

X.
XI. .

XII. .

XII. .

XIV. .

XV. .

XVI.-.
XVII.
XVIII.
XIX. .

XX. .

XXIIl.
XXIV.
XXV.
XXVI.
XXVIII.
XXIX.
XXX.
XXXI.
XXXII.

c. .

D. .

.J. .

K. .

Var. N. Sea
CD. Minch
A^'estern

Grounds
Faroe .

Jan. Feb.

181

•0*

•0

•0

•0

•0*

3-4

1-8

•1

21
•0

Mar.

3-8

3
2
2
6
5

3
4

—
•1

0
•2

•7

10
1

2-5

3-9

7

6
8

2

7

•0

0
•0»

•1

•7

•0

•1

•0

Apr.
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Average Catch op Extra Large Haddocks, in Cwts., per 100

Hours' Fishing (Aberdeen Trawlers)—1913.

Area.
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Average Catch of Large Haddocks, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.
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Average Catch of Medium Haddocks, in Cwts., per 100 Hours'
Fishing (Aberdeen Trawlers)—1913.

Area.
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Average Catch of Small Haddocks, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.
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Average Catch op Extra Small Haddocks, in Cwts., per 100 Hours'
Fishing (Aberdeen Trawlers)—1913.

Area.
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Average Catch or Whiting, in Cwts., pir 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Turbot, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Halibut, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.

VI. .

IX. .

X. .

XI. .

XII. .

XIII. .

XIV. .

XV. .

XVT. .

XVII.
XVIII.
XIX. .

XX. .

XXIII.
XXIV.
XXV.
XXVI.
XXVIII.
XXIX.
XXX.
XXXI.
XXXII.

c. .

D. .

J. .

K. .

Var. X. Sea
CD. Miiich

Western
Grouii'ls

Faroe .

Icelanil

Jan.
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Average Catch of Brill, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch of Large Lemons, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.

VI. .

IX. .

X. .

XI. .

XII. .

XIII.
XIV. .

XV. .

XVI. .

XVII.
XVIII.
X[X.
XX. .

XXIII.
XXIV.
XXV.
XXVI.
XXVIIT.
XXIX.
XXX.
XXXI.
XXXII.

c. .

D. .

.1. .

K. .

Var. N. Sea
CD. Miuch
^Vestern

Grounds
]''aroe .

Iceland

Jan. ' Fob. Mar. Apr. May June July
|

Aug. Sept. Oct. Nov. Dec<

•2

•5

•3

•6

•2

•1

21
8
2
•1

3-9
•0*

2-3«

31

1-9

•0*

•2

11

•5
'

91
1

1-5
i

3
4
•1

1-2
I

•G

3
I

•1

2-5

1-4 I

•2

2
J-5

•2*

21
()-4

•2^t

•4

1-2
•4

•1

•9

1-7

•7

6-9

•4

3
•1

2
10
•8

•2

3
1-2

•8

2
•1

3-3

1-4*

•1*

5-5

4-9

•4

2-4
•5*

3
•fi

1-6

9
9-3

•1

•1

5*
•2

•1

•1

1()

1-0*

•2

2
1-9

2-4
•2

•1

5-7

1-9

7-5

•4

31

•9

2-3

•7

9-8

•1

•4

•6

•1

•6*

1-6

1-2

1

11-5

4-4
•1

7-1

5-9

6-2*

11-7

•0*

•9

1-5

2-8

2
8-3

1-6

•5

8
•2

•0*

3-9

IG
•3*

81
IG

5-9

20-8

6-6

12-8
1-8*

10
•7

1-9

2-3

111
2-2

G
•7

1
1

9-3*

1-2

fvG
7
•7

6-6

12-5
2-2*

5-3

110

2-6

1-4

11
•2

•4

2-2

1-9

•4

7-8

2-2

10
•3

1

1-3*

6

1-5*

3-5
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Average Catch of Small Liemons, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.
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Average Catch of Large Plaice, in Cwts., per 100 Hours' Fishing

(Aberdeen Trawlers)—1913.

Area.
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Average Catch of Medium Plaice, in Cwts., per 100 Hours' Fishing

(Aberdeen Trawlers)—1913.

Area.
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AVERAGE Catch of Small Plaice, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area. Jan. Feb. Mar. Apr. May June J July ' Aug. Sept. ! Oct. Nov. Dec.

IX. .

X. .

XIII.

XIV. .

XVII.
XVIII.
XX. .

XXIII.
XXV.
XXVI.
XXVIII.
XXIX.
XXX.
XXXI.
XXXII.

c. .

D. .

J. .

K. .

Var. N. Sea
CD. Minch
\Vestern

Grounds
Faroe
Iceland

•2

•0

3
•0

0
2-3

11»
•3

•0

•2l0*
•0

•Oi
•4

•0

0
2-2 i

0
•4

•0

.o

•0

•0

10
1-6*

•6

1-6

•0*

•0

1-5

•0

11

7

•0*

1-9

•7

•2

5-5

19-5
•0

•2

1-4

1-4
•0

•1

_
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Average Catch op Large Witches, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913).

Area.
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Average Catch of Small Witches, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.

VI. .

IX. .

X.
Xf. .

XII. .

XIII.
XIV. .

XV. .

XVI. .

XVII.
XVIII.
XIX. .

XX. .

XXIII.
XXIV.
XXV.
XXVI.
XXVIII.
XXIX.
XXX.
XXXI
XXXII.

r. .

D. .

\'ar. N. .Sea

C^D. Minch
We.stem

Gi'ounds

Faroe .

Iceland

Jan.

3
35

•0

2-6

6-9

3-2

21
lie;
8-.5

1-2

1-9

0*

•0

31

Feb.
j
Mar. ' Apr. May

2-8

•9

•4

2-9

4-7

8
40
9 3

7

2-4

IG

•0"

0
•0

9-2*

•0

•4

4-9

1-3

Gl
•0

2
1-2

•7

.o

2-7

37
13
11
53
3-4
•6

7
20*

1-7*

1

•0

•1

1-8

0
0*
•1

10
1-3

1
14-9*

4G
•7

7
3-3

8-5

2-8

•G

4-7

10

9
281

1
2-8

33-6

•9

1-7

0'

•0

1-4

•0

•0

•0

•1

Jime
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Average Catch of Large Megrims, in Cvvts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Mar. Apr.
j

May
,
June

|
July

, Aug. Sept.
j
Oct. I Nov.

j

Dec.

i^aroe

.

Iceland

50
,

2-7
•6

1-6

1-7
I

2-0
1

8
I

•9

10

n\
•2

!

•5
1

1-4*;

•0*'

•2

1

•5

•2

•5*

•5

1'9

11

•5

•0

•0

10-3
•5*

2-8

11
11
7

1-2*

2-6

•o

•7

1-3
I

6
I

•3

•6

11
I

7
•4

•6

3-7

7

•()

•0

1

61
9

1-8

4-3

4-2*

11
1-5

•7

•4

1-7

1-6

•0*1

1-4

10*
1-2

^||

•5
I4

^\
2-6

j

2-7*
I

1-0
!

•8
,

1-6*1

-2
1

3-8

1-2

-9

-0*.

1-2
i

•8
i

0*'

•4
\

•5

3-3

2-4
5-0*

1-2
'

-4

31
1-9

1-1

-8

40
50
1-0

1-6

-0

3
4-2

2-3

9
•4

:

•0*i

-0

•1

•2

-0*

0
2
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Average Catch of Small Megrims, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.

vr. .

IX. .

X. .

XI. .

XII. .

XIII. .

XIV. .

XV. .

XVI. .

XVII.
XVIII.
XIX. .

XX. .

XXIII.
XXIV.
X.WI.
XXVIII.
XXIX.

c. .
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Average Catch of Skate, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Catch op Gurnards, m Cwts., per 100 Hours' Ftshing
(Aberdeen Trawlers)— 1913.

Area.
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Average Catch of Catfish, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.
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Average Catch of Monks, in Cwts., per 100 Hours' Fishing
(Aberdeen Trawlers)—1913.

Area.
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Average Catch op Mackerel, in Cwts., per 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Ai-ea.
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Average Catch of Herrings, in Cwts., per 100 Hours' Fishino
(Aberdeen Trawlers)—1913.

Area.
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Average Total Catch, in Cwts., pee 100 Hours' Fishing (Aberdeen
Trawlers)—1913.

Area.
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Average Value op Catch, in Pounds Sterling, per 100 Hours'
Fishing (Aberdeen Trawlers)—1913.

Area.
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I

Percentage (by Weight) of Cod, in Total Catch of Cod and Codling
(Aberdeen Trawlers)—1913.

Area.
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Percentage (by Weight) of Small and Extra Small Haddock,
IN Total Catch op Haddocks (Aberdeen Trawlers)—1913.

Area.
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Percentage (by Weight) of Small Plaice, in Total Catch of Plaice
(Aberdeen Trawlers)—1913.

Area.
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ON MEAN SEA LEVEL AND ITS FLUCTUATIONS.

By D'ARCY wentworth THOMPSON.

Few data are more often referred to than " sea level," and few

physical constants are so little known and so inaccurately determined.

The mean between two consecutive tides, high and low, is our

first approximation to the mean level of the sea ; and it becomes

a better and better approximation when we take these means for a

more and more lengthened period. In certain cases this method is apt

to fail us. For it may happen, for instance, that at certain places

the tide stands for a comparatively long period in the neighbourhood

of high water, and makes a more abrupt lise and fall when near the

ebb ; where, in other words, the tide-gauge records an unsymmetrical

wave. In such a case as this the mid-height between high and low

water is obviously not the mean level of the sea, and this mean level

must be determined by integrating, or determining the area of, the

recorded curve. In ordinary cases, however, and wherever, as is the

case on the East Coast of Scotland, the record of the tide-gauge gives

us a fairly simple and regular wave, the " mean-tide-level " or the

mean height between high water and low water, is a fair approxima-

tion to the mean level of the sea.

But it is well known that if this mean level be determined month
by month, and year by year, the values so determined will show
marked and even large fluctuations. The mean for one year is not

identical with that for the next, and, within a single year, the mean
monthly values group themselves into a more or less regular, and
annually recurrent, periodic series. There exist, in short, certain
" tides of long period," the chief of which are the annual and semi-

annual tides ; and over and above these, there are fluctuations from

year to year, of which we know very little, and in which no regular

periodicity has yet been traced.

The study of mean sea level and its fluctuations is interesting

from several points of view. Firstly, it is of practical importance to

determine what mean sea level is, inasmuch as it is, or is supposed

to be, the datum to which all heights are referred in our national

survey. As a matter of fact, this datura is an arbitrary one. The
actual mean sea level has never been determined with accm-acy

;

and it would seem, from the conditions of the case, that all we can do
is to approach slowly, during a long course of years, to an approximate

determination.

Secondly, while the annual and semi-annual tides {Sa and Ssa)

are well known, and have been determined for a number of ports,

and are taken careful account of in tide-prediction, their origin and
nature are still very little understood. They are known to be of

greater magnitude than can be accounted for by astronomical condi-

tions : they are described as " meteorological " tides, and are generally

M&GLtd Wt 3389/28 3-15 750
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referred to the action of winds, or to the effect of rainfall, or to direct

barometrical pressure, or to other causes of a like nature. The
nature and the causes of the fluctuations which mean sea level is

subject to during still longer periods, from oue year to another, are

at present still more obscure.

Thirdly, though the connection of this . fluctuation of sea level

with fishery problems may be remote, yet it is at least conceivable.

A difference in the level of the North Sea amounting to somewhere

about 6 inches on the average between May and December, or a change

in the whole annual mean sea level of say 3 or 4 inches from one year

to another, must involve the transference of an immense body of

water, and must appreciably affect the composition and the salinity

of the sea itself. It forms some part, at least, of that complex pheno-

menon which we seek to study in our hydrographical investigations, and
which we may be able some day to correlate with periodic phenomena
in the life history and the fluctuating abundance of our food fishes.

By the kindness of Mr. E. Gordon Nicol, and of Mr. J. Hannay
Thompson, the Harbour Engineers at Aberdeen and Dundee, I have

had access to a long series of tide records kept at the dock gates of

these two ports. The Dundee observations were taken at the dock

gates of King William's Dock, the harbom* datum being from the sill of

the lock entrance, which is 9'74 ft. below ordnance datum level.

Those at Aberdeen were taken at the Victoria Dock gates, the harbour

datum being the sill of the lock entrance, which is 14-62 ft. below

ordnance datum level. The mean sea level at Dundee from 1897 to

1912 is found to be 10*39 ft. above harbour datum ; i.e. "65 ft. above

ordnance datum. Mean sea level at Aberdeen for the same period,

and also for the entire period 1862-1913, was found to be in each case

15"60 ft. above harbour datum ; i.e. '98 ft. above ordnance datum.

This discrepancy, amounting to '33 ft. between the height of mean
sea level in relation to ordnance datum at Dundee and Aberdeen,

is not explained. It is, however, precisely aldn to similar local differ-

ences of level that have been detected on the coast of France, for in-

stance, and in many other parts of the world, as described by Kriimmel

(op. cit. p. 64) and other writers. It is very noteworthy that the

direction of the prevailing current on our East Coast, from North to

South, corresponds to this observed fact of the higher mean level of

the sea at the northern, as compared with the more southern, station.

Mr. Gordon Nicol tells us that at Aberdeen he assumes high water

of ordinary spring tides as 22 ft. and low water of ordinary spring

tides as 9 ft. 3 in. above harbom* datum. The mean of these two,

viz. 15-625 ft., agrees as nearly as possible with the mean value that we

have found for the tides as a whole. The Aberdeen records run

from the beginning of the year 1862 to the end of 1913, with only a

single break of three months, from March to June 1875 ; those of

Dundee begin with the year 1897, and go on continuously to the

present time, but they have only been worked up to the end of 1912.

In both cases the observations give the height of the tide at high

and low water. They are simply made by eye, to the nearest inch,

upon a vertical scale, no recording tide-gauge being in use. Neverthe-

less, the observations have been so carefully and so regularly recorded,

and the consecutive period over which they extend is so long, that

they seem well adapted for throwing light upon our problem.



On Mcati Sea Level and its Fluetnations. 5

Here 1 may inention. in parenthesis, that, though the fluctuations

which we wish to determine involve differences in the monthly means
amounting sometimes to only a few hundredths of a foot, it is by no
means necessary that the observations on which these are based should
be correct even to an inch. As a matter of fact, they are not so. If

we analyse the observations, we soon see that personal equation has
led to a large excess of readings at particular intervals, G in. being
the most frequent, and 3 and 9 in. coming next in order. But, what

-4

Fig, 1.—Mean Sea Level (in ft.) at Dundee (1897-1912) and
Aberdeen (1S62-1913): Mean Monthly Values eompared
with the Mean for the wliolc period.

is more ciu'ious, it seems to me that, in such long series as these,

observations made to the nearest foot would do very nearly as well.

At Aberdeen, both high and low water vary over a range, of several

feet ; high water from something over 16 ft. to over 23 ft., and low
water in like manner, from about 7 to 14 ft., above the sill of the dock
gates. Now, over a large range such as this, the precise luimber of

inches will, in the long run, fall imder the doctrine of averages.
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The average value of tlie odd inches will be, in the long run,

+ 1+2+ 3 . .+11 _ 66
~1212

or 5'5 in., i.e. "46 of a foot. Takinar at

random the month of December 1907, in which month we had 118
readings of high and low water at Aberdeen, we find that the indi\4dual

J F M MY. J JY. A
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Fig. 2.—Mean High Water Level : Dundee and Aberdeen.

readings were as follows, as regards the number of odd inches

recorded :

—

Inches: 12 3 4 5 6 7 8 9 10 11

No. of readings : 17 4 8 18 4 5 17 10 7 14 7 7'

the mean value of these being 616/118=5'22 in., or only '28 in.,

or "023 ft., short of what we might expect in a long series, from the

law of averages.

But if we assume that the recorded readings at 0, 3, 6, and 9 in.

will be, say, twice as numerous as those at the intermediate points,

an assumption which is not far off from what we actually find to be

the case, then, in a long series, the mean of the recorded inches will



On Mean Sea Level and its Fluctuations. 7

approximate, not to 55 in., but to 84/16 =5"25 in. And this is almost

precisely what wo actually find, both in the above random example and
in others which 1 have worked out. It would seem, in short, that

we should lose very little indeed were we to save ovu'selves the trouble

of adding up the odd inches in all these multitudinous observations !

This, however, has not been done.

I. The Annual and Semi-Annual Tides.

In the annexed Tables (I.-III. pp. 37, 38) are shown the monthly
means for Dundee, of high water (II.), of low water (III.), and of mean
sea level (I.) as above defined, that is to say, the mid-height between
the two foregoing values ; and these results are further reduced to

annual means, and to the monthly means for the whole period of

sixteen years. In Tables IV.-VI. (pp. 39-41) the same data are given

for the still longer and more important records, covering no less than
fifty-two years, which I have received from Aberdeen. The phenomena
at the two ports are very similar, and the mean results are set forth

and compared in the following epitomised table :

—

Table A.—Departures from the Annual Mean of the Monthly Mean
Values of Mean Sea Level, Mean High Water, and Mean Low
Water, at Aberdeen (1862-1913) and Dundee (1867-1912), in

feet :

—
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In the annual wave of Mean Sea Level, the total amplitude is

less at Aberdeen than at Dundee, viz. about -65 ft. as against -81 ft.
;

but the phase, so far as can be seen by inspection, is identical. In

the case of Mean Low Water, the phase is apparently a little earlier

at Aberdeen, the minimum being in April instead of May ; the ampli-

tude is considerably less, viz. 82 ft., as against 1-06 ft. at Dundee.
In the case of Mean High Water, the phases are alike, and the ampli-

Mr. J jy.

FEET

-5

Fjg. 3.—Mean Low Water Level : Dundee and Aberdeen.

tudes also are all but identical, viz. -58 ft. at Aberdeen and "56 ft.

at Dundee.
Such differences as there are between the two stations are not

without a strildng, and periodic, regularity. If we examine them
as they are set forth in the above Table, and especially when the

successive monthly values are " smoothed " (by taldng the successive

means of three adjacent months), we see that the differences between
the monthly values at Dundee and Aberdeen, in the case of Mean
Sea Level and Mean Low Water, approximate in each case to a sine

curve, showing identical values at the two stations about February
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and September, while the depaiturc from tlie mean has a maximum
in November or December, and a neoative maximum in May, in favour

of Dundee. In the case of Mean Hiyh Watei', the differences are of

less ma.uiiitude, and they aj^proximate to a double, oi- semi-annual

sine cm've, with positive maxima a])out May and November, and

neuative maxima about Febiuaiy aiul Auuiist.

The harmonic analyses of our data elucidate these r(m<ih pre-

liminary results :

—

Table B.—Harmonic Formida? foi- the Mean Annual Variation in

Mean Sea Level, Mean Hij-h Water, and Mean Low Water, at

Dundee and Aberdeen {Efoch : mid-January).

.A[. S. L.

M H. W.

M. L. W.

f Dundeo A + -31) cos (t +50") + -OG cos (2t +51°)

\ Aberdeen A +-28 cos (t+58°) + -07 cos (21+41°)

f Dundee A + -2() cos (t+()l°)+-05 cos (2t+53°)

\ Aberdeen A+ -25 cos (t+r)8°) + -05 cos (2t + 78°)

( Dundee A + ^G cos (t+4.'5°)+ -Ki cos (2t+48°)

(^ Aberdeen A + -32 cos (t +4(5°) + -14 cos (2t +.54°)

We see at once from these formulae that there is an important

difference between the two stations in the amplitudes of the annual

wave in the case of Mean Sea Level and Mean Low Water, and, on

the other hand, a considerable difference in the phase of the semi-

annual wave in the case of Mean High Water. But as regards this

last, it must be remembered that, owing to the very small amplitude

of the semi-annual wave, we cannot expect, with the means at our

disposal, to have determined its phase with very gTeat accuracy.

In individual years, the characters of these waves are maintained

with very considerable constancy. In the case of Mean Sea Level,

I have set forth in an epitomised Table (Table C) the average dis-

crepancies between the individual monthly means and the corre-

sponding aggregate monthly means for the entire period.

Table C—Mean Sea Level at Dundee (1897-1912) and Aberdeen

(1862-1913). Mean of the Discrepancies (in feet, irrespective

of sign), in individual months, from the Monthly Means for the

entire period.

.
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The arithmetical mean value of the discrepancy is -14 ft. at Dundee,
•15 ft. at Aberdeen ; and the Median value is -11 ft. at Dundee,
•12 ft. at Aberdeen. It will be seen that these monthly discrepancies

themselves fall into an orderly series, being greatest in the month of

February, and falling to a minimum in the month of July (Fig. 4).

The mean monthly discrepancy varies from year to year, as is

set forth in the following Table (Table D) ; and, while there is no
obvions regularity in the nature of this variation, it will be seen

(especially after" the successive annual values are smoothed, in'groups of

three) that at our two stations the variation is similar and concordant.

Table D.—Mean Sea Level. Mean Monthly Discrepancies, in in-

dividual Years, from the Monthly Means for the entire period

(in fractions of a foot).
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monthly figures in consecutive gi'oup.s of three, we obtain a fairly

smooth curve, whose general agreement with the Dundee one is

J F M H MY. J JY. A S N D J
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obviouf? : the chief difference between the two consisting in a greater

amplitude at Dundee, and a retardation of phase, which is about one
month later than at Milford (Fig. 5.)

The phenomenon we are considering was first detected nearly

fifty years ago by Lord Kelvin, who, in discussing the records of the

Kamsgate Tide-gauge, said, " I also found very decided indications of

an annual rise and fall, which seemed to exceed the amount of the

solar semi-annual tide, and to make the mean level very sensibly

higher in autumn than in spring, an effect probably to be accounted for

by an annual period in the amount of water received into the sea by
drainage, in the melting of ice, and from the direct fall of rain into

it." Mr. Roberts, in an appendix to Lord Kelvin's Report, gives

the co-efficients for the two waves as follows (in feet) ; for the annual
tide, -127 sin (2t+253°), and for the semi-annual tide, -0748 sin

(2t-f-72°). And Mr. Edward Robert's, who, after half a century, still

carries on his father's work of tide-prediction, has most kindh^ given

me the corresponding formulae for certain other British ports (see p. 14).

In recent years this annual fluctuation has attracted very con-

siderable attention, and accounts of it have been published for various

stations, especially in the Baltic and on the German, Dutch, and
Norwegian coasts.

The following figure (Fig. 6), taken from a paper by Professor Otto
Pettersson, shows, from month to month, the Mean Sea Level at certain

stations on the Dutch and Baltic coasts, while similar results have been
arrived at in Norway by Professor Geelmuyden. The general corre-

spondence between the curves is very strildng, and with their main
features om- curves for Dundee, Aberdeen, and Milford are in general

agreement.

In order to summarise, as briefly as possible, this part of the

question, I give the following Table, in which our own results are

compared with those given in Professor Kriimmel's Handbuch der

Oceanographie, and with certain others given us more recently by
Dr. Brehmer and Dr. Rosen.

Table E.—Monthly Mean Sea Level, in feet, above or below the

Mean Annual Value.

Aberdeen
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111 Table IX., at tlie end of this paper, will be found the details

of Dr. Brehmer's impoitant obseivations on Mean Sea Level at German
and Danish Stations.

In the foUowiii" Ta))lc 1 have worked out co.sine formulfB, similar
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added a number of Professor Geelmuydeii's Norwegian results (re-

duced to feet), and also the various English and Scotch co-efficients

which I owe to the Idndness of Mr. E. Roberts. We may now use

the symbols commonly employed in treatises on the Tides, viz., H
for the half-range (or semi-amplitude), and k for the phase-angle,

in the annual (Sa) and semi-annual (Ssa) tides, respectively.

Table F.—Harmonic Constants for the Annual (Sa) and Semi-armual

(Ssa) Tides (in feet ; to the epoch of the Sun's mean longitude).

H.

Sa. Ssa.

H.

Aberdeen
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Sa. Ssa.

Norvvt^giiiii StatiDiis
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above the average, but are very discrepant among tlieniselves ; those

within the Baltic, at Swinemiinde and Memel, are also high ; those

on the west and north of Jutland are higher than those within the

Belts, though not higher than at Copenhagen and Gjedser.

As regards the phase-coefficient k, I think that it is possible to

trace a tendency to diminution as we pass eastward in the case of

the annual wave, and a tendency to increase in the case of the semi-

annual wave : that is to say that, as we go eastward, the semi-annual
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to Gjedser ; of 259° at oui- Swedish ports ; of 277° at o\ir three German
ports in the Baltic.

The cosine formuhTO of Table F. liive, on expansion, a very satis-

factory agreement with the observed results ; as is sliown. foi- instance,

in the following Table for Dundee (Fio;. 7).

Table G.—Mean Monthly Values of Mean Sea Level, compared with

the Annual Mean, at Dundee (in feet).

Observed .

Calculated
Difference

Observed .

Calculated
Difference

Jan.
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Of observations upon the annual variation of Mean Sea Level in

regions remote from our own seas, I can only quote the case of Aden,

which has been frequently dealt with, for instance, by Sir George

Darwin,* and by Professor Kriimmel.t

Table !.•—Variation of Mean Sea Level at Aden (in feet).

Jan.
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features to which we should naturally look for a meteorological

explanation. The chief nieteorolo<i;ical causes which remain to be

considei'ed are barometric pressure and wind. That the former has

a marked influence on the mean level of the ocean was shown lon<^

ago by Sir James C. Ross from observations made on his Antarctic

Expedition in 1848. Here Sir James Ross showed that for maiiy

consecutive days the Mean Sea Level vaiied inversely as the heijiht of

the barometer, and that the difference of level corresponded to the

difference of barometric height approximately in the ratio of the specific

gravities of sea-water and of mercury. In short, as Sir James Ross
said, his observations seemed to indicate " that the ocean is a water-

barometer on a vast scale of magnificence." * Similar observations

had already been made by ]\l. Daussy and by Sir John Lubbock (Sen.)

in his woik on the Tides.

Professor Geelmuyden [of. cit. pp. 19, 53) has considered tJiis

question in connection with the tides at Christiania. His method
was simply to reduce the observed tide-levels to a constant baro-

metric pressure. " A set of barometric readings, registered during

the same period, was handed over by the Norwegian Meteorological

Institute. On the approximate supposition that the action of air

pressure on the water level is instantaneous, they were analysed in

exactly the same manner as the tides, and the values of A, B, etc.

[the harmonic components
|
multiplied by 13'25 (which was taken as

the specific gravity of mercury as compared with sea-water) were

added with their sign to the corresponding tidal constants. The
effect on the terms of astronomical origin is mostly insignificant, even
on terms whose amplitude is so small that they have been retained

only for the purpose of this comparison. But all five tides of long

period came out with dim.inished co-efficients, and three of them with

strongly altered phase ; only for the annual tide was the phase sensibly

the same, which seems to prove that otiier meteorological causes,

principally, perhaps, prevailing winds, act on the whole in the same
direction as the direct air pressure, but stronger still."

If we take, by interpolation, from Dr. Buchan's Meteorological

Atlas, the mean monthly barometric heights at Dundee, we find

that they follow a mean annual fluctuation which shows a maximum
in May, and a minimum in November or December, the total range

being from about 757 "4 to 750-4 mm.f The cm've is not unlike in

form to our curve of Mean Sea Level, and is nearly opposite to it in

phase. But, on the other hand, when we compare the two curves

we see that an amplitude of 3-0 mm. of mercury in the one corresponds

to about 244 mm. of water in the other, or one mm. of mercmy to over

80 mm. of water. This is just about six times the ratio which Sir

James Ross found in the Antarctic,—six times, that is to say, the ratio

of the two specific gravities. Moreover, though the phase of the annual

* Phil. Trans., vol. 144, 1854, p. 295.

t The actual monthly means at Dundee for the period 1897-1912, kindly
given me (since the above was written) by Dr. A. Watt of the Royal Scottish

Meteorological Society, are somewhat different from the above, viz., Jan., 759".3;

Feb., 756-4; Mar., 756-6; Apr., 758-4; May, 760-5; June, 7609; July, 7606;
Aug., 7582; Sept., 7616 ; Oct., 7584 : Nov', 7578; Dec, 754-6. Here we have
high values in September and in January ; but there happen to have been some
exceptionally high readings in both months in the course of the period of si.xteen

years.
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wave in the two phenomena is not very different, it may easily be seen

that the tidal wave precedes, by a month or more, the barometric wave.
The direct and local influence of barometric pressure is therefore

quite inadequate to produce our phenomenon, though it is highly pro-

bable, as Professor Geelmuyden believes, that it plays its part therein.

While the direct effect of local barometric pressm-e is thus in-

adequate to account for our phenomenon, the effect of wind or of

barometric gradient would seem to give us greater help. At Aden,
for instance, as Sir George Darwin has pointed out, the annual periods

of tidal rise and fall very nearly correspond to the periods of the South-
West Monsoon, which begins to blow about the end of April, and of the

North-West Monsoon, which blows in the winter months. The latter

wind blows right into the Gulf of Aden and the former blows directly

out ; and their effect in heaping up the water in the Gulf, and in with-

drawing it again, is undoubted. At the same time, the tidal fluctua-

tion at Aden is seen to possess a pretty large semi-annual component,
which is not accounted for by the Monsoon theory. In our own case,

we have no similar and equally regular change in the direction of the

wind, but we have an increase in force of the prevailing south-west

winds in winter, which would at least tend to produce the observed

heightening of the Mean Sea Level at that season.

Mr. 0. H. Tittman, the Superintendent of the U.S. Coast and
Geodetic Survey, a very learned authority on the tides and on all other

hydrographic questions, writing to me a few years ago, said that he
had no hesitation in attributing the annual inequality to the direction,

or to the force, of the prevailing winds. He informed me that on the

east coast of the United States, the prevailing wind is westerly and
north-westerly during the winter season, and south-westerly or

southerly during the summer ; and that, in accordance with these

facts, the water-level is depressed in the former and raised in the

latter season. At Boston, Mass., where the prevailing winds are at

all seasons westerly, their greater strength in winter again causes a

diminution in the height of the water at that season. In 1895, Mr.

W. H. Wheeler (loc. cit.) returned to this question and pointed out

that " the barometer cannot be made of service in predicting the

conditions of the tide, as the pressm'e varies on different parts of the

coast, and in order to calculate its effect on the tide the direction of

the gradient of pressure and the locality of high and low pressure

must first be known." Again, in an important article published in

1897, Mr. F. L. Ortt, discussing the effect of wind on the tides from
observations on the Dutch Coast, shows clearly the great part which'

wind plays in affecting the Mean Sea Level, and gives formulae by
which its effect can be represented both upon the height of Mean Sea

Level and on the time of high water.

In our Dundee and Aberdeen observations, we have already seen

that the annual fluctuation of mean low water level has a greater

amplitude than that of high water or of Mean Sea Level. This pheno-

menon also Mr. Ortt has observed, and has suggested an explanation

of it. He says {Joe. cit. p. 83) " the value of a [that is to say, the

correction to be applied in the case of absolute calm] seems rather

larger at low water than at high ; thus on an average the absolute

calm level at low water is 5 cm. lower than the mean low water, and
at high water is 2 cm. lower than the normal." He ascribes this
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phenomenon sini[)ly to tlic greater effect of the wind in clistnrbint!, the

compaiatively small bulk of water to be moved at low tide than the

•greater bulk which has to be moved at high.

In the case of Mr. Ortt and Mr. Wheeler's work, they have dealt

with the effect of winds and of barometric gradient, as the case may
be, upon individual tides, and have not attempted to trace the average

periodic fluctuation which may be ascribed to the same cause. Mr.

I), la Cour, in a recent paper dealing with Mean Sea Level in

Danish waters, has dealt at considerable length wdth this problem.

He shows, on the one hand, that there is a marked correlation

between the observed heights, monthly and annual, of Mean Sea Level,

and the barometric gradient as determined by a comparison of the

barometric heights at the four angles of a quadrilateral extending

between Shetland, Calais, Cracow, and the Aland Islands. But
after making all due allowance for the barometric variation, the

corrected curve of Mean Sea Level is still, very approximately, a sine

ciu-ve, with a minimum about the month of March and a maximum
about the month of August. Its total amplitude (at Frederikshaven)

would seem to be, as far as I can judge from Mr. la Cour's ciu'ves, about

12 or 13 cm. The correction for barometric gradient, however, has

a very marked effect in depressing the water level as a whole ; the

corrected Mean Sea Level for the year being 11*1 cm. at Frederikshaven,

and 19' 1 cm. at Esbjerg, below the actual observed mean level. The
cause of the under-hdng annual tide is still to .seek.

There are other points of considerable interest in Mr. la Coiu-'s

paper. He shows, for instance, that the mean level of the sea at

different places in the Danish Sounds (taking 5-day means) is very

closely correlated : in such a way that the difference in level between
any two stations can be almost precisely equated with the difference

between two others ; or, in other words, that the level at three stations

being known, that at a fourth can be at once determined. He shows,

in the next place, that the difference in level (5-day or monthly means)
between two neighbouring stations is very nearly proportional to,

and is therefore the chief cause of, the velocity of the sm-face current

in the adjacent channel : with this further refinement, that a given

difference of level gives rise to a velocity which differs at different

seasons of the year, this difference being apparently due to a diminished

internal friction of the water with the rise of temperatui'e in summer.
Again, Mr. la Cour has many inteiesting observations i-egarding

inaccuracies in. and variations in, the levels of the Danish Survey,

and he concludes that, both by the study of the currents and the

actual levels, something like an annual movement of the earth's

surface is capable of detection.

The present paper was already WTitten. and in proof, when I received

from General V. H. 0. Madsen of Copenhagen an extremely important

paper by himself and Lieut. N-. M. Petersen on the Mean Sea Level of

the Danish Coasts.*

These authors work out, by very careful methods, the harmonic

formulae for the annual variation of Mean Sea Level at the various

Danish stations, and arrive at results very simjlar to those which I

have given above. The amplitudes which they find for the various

* De Danske Kysters Middelvandstaiid. Den Danskr Gradmaaling (Nv
Raekke), Heft Nr. 13. Copenhagen, 19U.
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waves are slightly less than those which I have worked out from the

figures given by Dr. Brehmer, and this may be due, in part at least,

to the preliminary process of smoothing which their figures appear
to have undergone.

Thus the mean of their determinations of the half-amplitude of

the annual wave at nine stations (excluding Giedser) is 7"37 cm.,

while the mean at the same stations, according to my rough calculation,

is 7'84 cm. ; and in like manner the mean of their values for the

semi-annual wave is 2 "97 cm., mine being 3 '42 cm. The differences

are not very large, and the results for the individual stations are

entirely consonant. {See Table N, p. 30, and Table F, p. 14.)

In the next place, following the lines set forth by Mr. la Cour,

they give for the various stations similar formulae, corrected for the

influence of wind : that is to say, reduced to the hypothetical con-

dition of no barometric gradient, or of absolute calm. As will be
seen from Table N, while in all cases the amplitude of the wave, both
annual and semi-annual, is diminished by this correction, the diminution

is not relatively very great, or, in other words, the annual and semi-

annual tides remain with their main featm'es unimpaired. While
the mean amplitude, uncorrected, of the annual wa.ve at nine stations

is 7'37 cm., the corrected value is 6"60 cm., and again the mean value

of the semi-annual amplitude is found to be 2"97, which, when corrected,

falls to riO cm. It will be noted that the correction produces a much
larger effect upon the semi-annual than upon the annual wave.

In Table N, the value A^ is referred to the zero-level of the Danish

Geodetic Sm-vey. It will be seen that this value is greatly altered

by the correction for wind, the latter factor being found to raise the

Mean Sea Level of the Danish Cbast in a marked degree. The Mean
Sea Level of the nine stations is found to be 0"032 cm. above the Survey
base ; but when corrected for wind, it is no less than 7*84 cm. below it.

Lastly, and again following out a suggestion of Mr. la Com-'s, the

wi'iters have found it possible to correlate a portion of the fluctuation

in Mean Sea Level with the actual variation in latitude caused by the

changing position of the earth's axis. There is a small periodic move-
ment of the earth's pole, whose period is about 14 months or more,

nearly 431 days ; and taking the Mean Sea Level at nine Danish stations

for the years 1891-1911, the writers have discovered a small fluctuation

of identical period with the polar oscillation.

The harmonic formula? which they find for these fluctuations are

as follows :

—

(1) For the 431-day period of Mean Sea Level (1) (in cm.)

—

m = - 0-009 -I-0-643 sin (m z-55°-03).

(2) For the 431-day period of variation of latitude (p) (in seconds

of arc)

—

a^"^)= -0-009 +0-159 sill (mz-18"-29).

It will be seen that, while this fluctuation is of very great theoretical

interest, the amplitude of the wave is so small (1-29 cm. or '042 ft.

for the total amplitude) that it still leaves unaccounted for the greater

part of the total fluctuation in sea-level.

Small as the amplitude of this fluctuation is, I think that it can
also be discovered on our own coasts. The Danish authors have
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determined it after applyiiiii to their data the correction for wind,

and this I am at present nnahle to do ; but there seems no reason

why, over a consideiablc period, the 14-months' oscillation should

not be demonstrable without this cori'ection.

Between the dates 1897-1913, 1 have set down, both for Aberdeen

and Dundee, the monthly values of Mean Sea Level in successive

series of 14 consecutive months : giving not the actual height according

to observation, but the difference between that value and the long

period mean for the month in question. Taking 14 such periods

in the case of Aberdeen (1897-1913) and 13 in the case of Dundee
(1897-1912), I obtain the following mean values, in which a somewhat
regular fluctuation is at once obvious.

Table J.—Mean Heights of Mean Sea Level, in fourteen consecutive

months from January 1897, in feet (differences between observed

heights and long-period mean values).

i
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very complex wave, or parts thereof, are almost innumerable ; and we
must be very careful indeed before we ascribe any one of them to a
single definite physical cause. Unless we keep well in mind this latter

precaution, we may, so to speak, be doing no more than verifying

Fourier's theorem, and demonstrating the fact that any function
whatsoever may be expressed in a series of sine waves.

In yet another direction has search been made for a cause which
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chan.ife in the distribution of salinity on the suiface of the Atlantic,

due to a greater extension northwartl and eastward of the warm
cm-rents in autumn as compared witii spring. But our actual know-

ledge of the variations of the ocean currents is even now extremely

scanty ; and, in trying to correlate them with the variations in sea

level of which we have been spealcing, we are very apt to argue in a

circle, and to use these variations of level as a proof rather than as a

consequence of the existence of variations in the great ocean currents.

Again, since the foregoing pages were in proof, J have leceived from

Professor Otto Pettersson two important papers,* in which this subject

is discussed in connection with many other periodic phenomena which

/897 8
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Z
Fig -Annual Means of High Water, Low Water, and Mean Sea Level at

Dundee (1897-1912).

may have their effect on the temperature of the sea and the climate

of the earth. It is impossible to do more here than to call attention

to these papers.

II. The Variation of Mean Sea Level from Year to Year.

Let us now, returning to Tables I. and IV. (pp. 37, 39), consider

the variation of Mean Sea Level from year to year. It will be seen

that both at Aberdeen and Dundee the differences are striking' in

amount, and are not destitute of an appearance of regularity.

Let us consider in the first place the comparatively brief period,

of sixteen years, covered by the Dundee observations. It will be

*
(1) On the Occurrence of Lunar Periods in Solar Activity and tlie Climate

of the Earth ; and (2) Climatic Variations in Historic and I'reliLstoric Times.

Sv. H>jdro(jr.-Biulo(j. Kommissionen^ Skrijter. Hiift \'.. 1914.
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seen that, at Dundee, the highest annual mean is found in the year

1903, when the Mean Sea Level {i.e. the mean of the twelve monthly
Mid-tidal values) was '20 ft. above the general mean for the whole

period of 16 years. It fell nearly steadily to a minimum of —•12 ft,

in 1908, and then rose again and stood in 1912 at +-14 ft. The
general features of the fluctuation are clearly seen from the annexed
figure (Fig. 8).

The general trend of the fluctuation at Aberdeen is strikingly

similar to that at Dundee (Fig. 9). We have here also maxima in

1903 and 1912. But the amplitude of the fluctuation is, on the whole,

a little less at Aberdeen than at Dundee. The 1903 maximum stands

•13 ft. above the mean (instead of '20 ft.) and the 1908 minimum
stands '06 ft. below the mean (instead of ^12 ft.). The 1912 maximum,
however, is a little higher at Aberdeen than at Dundee, viz., "20

ft., as against ^14 ft.

We have hitherto had little information that would enable us to

compare the fluctuations of Mean Sea Level at different stations over

a long period ; but Dr. Brehmer's recent paper now gives us the

means of doing this, for a period of ten years, for a number of German
and Danish ports in the North Sea and Baltic, and Dr. Rosen's paper

lets us compare the values at certain Swedish Stations with our own
for another and earlier period of 14 years.

Table K.—Mean Annual Values of Mean Sea Level, at German and
Danish Ports, 1900-1909. (Difference from mean of whole

period, in cm.). From Brehmer, Ann. d. Hydrographie, 1913.

BrwiR'iliavL'U
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spondence. Except for the year 1906 (where a secondary maximiiin

is apparent in the foreign data but not in those for Aberdeen) the

two curves run close and parallel. The main phenomenon is evidently

a nearly uniform one over the area, or great part of the area, of the

North Sea and Baltic.

As far as I can judge, however, from the data given by Dr. Brehmer,
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Fig. 9.—Annual Mean Sea Level at Dundee and Aberdeen (1897-1913).

(Dotted line, Aberdeen.)
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CM

Fig. 10.—Annual Mean Heights (compared with
the mean of the Avhole ])eri<Hl) of J\!can Sea
Level at German and Danish Poits, and at

Aberdeen (dotted line) (1900-1909).

the same close comparison would not hold for the Dutch ports. Here
the highest values of mean annual sea level would seem to have been

reached in 1905, 1906. It is quite possible that another influence

entered in those years by way of the English Channel, which did not
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affect the East Coast of Scotland, but which had a marked effect upon
the Dutch Coast ; and which had, further, a sufficient influence upon
the German and Danish Stations to produce the discrepancy in those

years that has just been mentioned.

An earlier series of observations, for the years 1887-1897, for six

German Baltic ports is given by Dr. A. Westphal; and to these Kriimmel

CMIS88 89 90 91 92 93 94 95 98 99

Fk;. 11.—Ajinual Mean Heights of Mean Sea Level (com-
pared with the mean of the whole period) at Swedish
Ports (dotted line) and at Aberdeen (1888-1909).

adds the data from Kiel for 1887-1900. For these latter years we
have also data from eight Swedish Stations, furnished us by Dr. P. G.

Kosen. The curve which these data (Table L.) give us is an irregular

one, and its most conspicuous feature is a high maximum in the year

1899, in which all the cm^ves (and all the separate Swedish Stations)

agree.

Table L.—Mean Sea Level at Swedish and German Ports, for compari-

son with that at Aberdeen for the years 1887-1900. Difference

(in cm.) from mean of the period 1887-1900.
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\\\\Q\\ we look at our Aberdeen records for the same years, no such
maximum for the year 1899 is at first .siinht apj)arent : but when we
observe that the vahies for the wliole period in question are low, and
when we reduce them to the mean of the said period (instead of to the

mean of the h)n<r period 18()2-19]3) then we find that a maximum i!\

1899 is well marked. And when we smooth all tlie curves, includin.u'

that for Aberdeen, then we see without difficulty that their general
trend is very similar (Fig. 11).

From General Madsen's paper, which, as already mentioned, has
reached me while this paper of mine is passing through the press, I

have compiled the mean annual heights of Mean Sea Level at Copen-
hagen, for the years 1890-1911 ; and these are shown in the following

Table (Table M.), with and without General Madsen's correction foi'

wind.

Table M.—Mean Sea Level at Copenhagen (in cm.), 1890-1911, com-
pared with the mean for the whole period of twenty-two vears :

(1) uncorrected, (2) corrected for variations of barometric gradient.
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Table N.—Harmonic Formulse for Annual Variation of Mean Sea

Level at Danish Ports, from Madsen and Petersen, 1914 (in cm.
referred to zero-level of Danish Geodetic Sm'vey, epoch January 15).

I. Uncorrected. II. Corrected for influence of Wind.

a^'"^ =
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Stations. The Swedish results (1887-1900), though somewhat irre-

gular, can be show?i to resemble those of the Scottish Stations at least
in their most conspicuous featui'cs and theii- general trend. While,
lastly, the Milford Haven I'esults (1880-1892) can also, apparently.
be correlated with the Scottish, if we allow for one year's retardation
of phase.

Having arrived, then, at the conclusion that the apparent
variation in Mean Sea Level from year to year is not a mere local

phenomenon, but is common, in greater or less detail, to widelv
separated stations, let us look more closely at the longest set of avail-
able data, viz., those for Aberdeen, in order to see whether the varia-
tion shows signs of any regular periodicity.

Let us begin by examining, not the Mean Sea Level, but the
Intertidal Range,—the mean difference between ]\Iean High Water
and Low. AVe have not dealt hitherto with the fluctuation in this
quantity fiom month to month, foT-. as we might of course expect,
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and as we see from Table VII., it shows us a semi-amiiial wave, whose
maxima correspond to the spring tides of spring and autumn.

When we deal with it over a long period of years, we see at once

that it varies with very remarkable regularity. As wall be seen from
Table VII. and Fig. 13, the Mean Amiual Intertidal Kange varies in

very close approximation to a sine curve, having a total amplitude

of about 07 ft., with maxima in or about the years 1866, 1885, 1904.

This is in precise correspondence with the variation in the moon's
inclination to the ecliptic, which, in its period of ISJ years, has its

minima at these identical epochs. Of the three maxima shown by
our curve, that of 1866 is considerab],v the lowest, and that of 1885

is the highest of the three. If, for the purpose of eliminating this

19-year tide, we smooth the annual readings in successive groups

FEET 1871

•06 r

1901 04
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Fig. 14.—The Mean Intertidal Range at Alierdeen, after elimination

of the 19-year wave by smoothing in successive groups of 19 years.

of 19 years, we find that there remains a residual tide of very long

period, so long that the whole extent of our observations does not

give us a complete wave (Fig. 14). The maximum of this wave lies

somewhere about 1886, that is to say, it approximately coincides

with one of the 18j-year maxima. The total fall, from 1886 to 1904,

in which year the curve is still a descending one, is just over '11 ft.,

or say 3"3 cm. The form of the curve suggests that its period is

somewhere about 50 years. In spite of the very small amplitude of

this fluctuation, it will be seen that the successive points of the curve

come out with very great regularity. I have no hypothesis to offer

as to the cause of this phenomenon.

The 19-year tide is equally well-marked in our records from

Dundee, as will be seen from the following Table :

—
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Table 0.—Interva! between Mean lliuh and JjOW Water Levels
(in feet) at Dundee.

Inli'ilidal Ivaiiue

Difleri'iiuo from iiK'an .
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On the other hand, the 19-year (or, rather, 18-6 year) tide, which
follows the regression of the modes of the moon's orbit, and which we
have just seen to appear so plainly in our curves for the mean inter-

tidal ranjie, is not to be detected in our values of Mean 8ea Level.
As Darwin has shown,* the ampUtude of this tide must be very small.

Its total range amounts to about -12 of a foot at the poles, and about
half of that amount at the equator. About latitude 35° it vanishes
alt(jgether, and in the latitude of Aberdeen (57°) its total amplitude
should be about the same as at the equator. Viz., -06 ft., or say,
1-8 cm. ; that is to say the average change of level from one year to
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of about 4o years, and a total ainplitu(l(> of about ()()8 ft., or '24 cm.
;

but even this is far from clear.

Among other methocls, J have used one iiiveji l)y Pi'ofessor H. H.

1'urner.* By this method we may easil}^ carry the Fourier analysis

through a long series of numbers, for instance, our series of monthly
values of Mean Sea Level ; and in doing so, we may obtain, for each

consecutive, and overlapping, series of twelve months, the mean (Ao)

the amplitude (Aj), and the phase (s), of the annual fluctuation.

Now, if there happens to be a single well-marked ])eriodicity, and this

corresponds with the period selected (in this case twelve months),

then the values of A^ and g will remain nearly constant. If theie be

a single well-marked periodicity, but of a period greater or less than

12 months, then the values will increase or decrease steadily.

And lastly, if there be more than one periodicity, but all the periodi-

cities are of a permanent character, then there will be " interferences
"

which will cause the values to follow a wavy, but more or less

I'egular, line. Now the last of these is very clearly what happens in

our case (Figs. 16, 17). All three values—mean, amplitude, and
phase—fluctuate in a recuiiing seiies of waves ; for two or three

consecutive waves we may seem to see an equality of period, but this

apparent equality disappears, giving place to waves of gradually

changing amplitude and period. This is a sme sign of the presence

of complicated interference phenomena.
Now, whatever be the causes of our phenomenon, we may be quite

sure that, in the aggregate, they are very complex. Meteorological

influences, possibly rainfall and more certainly barometric gradient,

undoubtedly enter in ; changes in the great ocean currents (whatever

these changes may in tui'n be due to) in all probability play their part
;

the minute oscillations of the earth's axis produce a noticeable and
measurable effect ; and even the long-period astronomical tides, small

as is the magnitude of their influence^ must not be wholly left out of

account. But besides all these we must bear in mind two other

important conditions : (1) the existence of interference phenomena,
or " beats," resulting from the interference of ordinary well-known

tides of moderate period ; and (2) the possibility, or rather probability,

that a part of the apparent phenomenon is spurious, and due to our

selection of a certain artificial period (calendar month and calendar

year) for the determination of our means. It is obvious that in the

simplest harmonic series we should get an apparent slow change of

mean if we took our data from portions only of the wave ; and it is

equally obvious that in the complex tidal effect no single period that

we may choose for the determination of oiu* average values will keep

us clear of this more or less fallacious result.

In short, what with the actual and little understood causes which

perturb the mean level of the sea, and what on the other hand witli

the difficulties which attend its determination even though nothing

more than the complex tidal wave were present to disturb it, it is

quite plain that the determination of !\Iean Sea Level is an extremely

difficult thing, and one which cannot by any possible means be achieved

in any brief period of time. I do not see how it is ever to be deter-

* " On a simple method of detecting discontinuities in a .series of recorded

observations, with an application to Sunspots." Papers of the I.U.S.R. Com-
puting Bureau, No. XIII. IdUi. (Monthly Notices of the R.A.S., Dec. 11)13).
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mined except by integration of the entire record of an automatic tide

gaiige over a very long period of time ; and even after very many years,

we should only have approached, but not attained to, a rigorous

determination.
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Table II.—Mean High Water at Dundee, 1897-1912.
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Table IV —Mean Sea Level at Aberdeen, 1862-191.'i (in feet above the

sill of Victoria Dock : Ordnanci^ Datuni= 14'62 feet on <i;auge).



40 Fishery Board for Scotland.

Table V.—Mean Hi^h Water at Aberdeen, 1862-1913.
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Table VI.—Mean Low Water at Aberdeen, 18()2-1903.



42 Fishery Board for Scotland.

Table VII.—Range of Tide, or interval between Mean High
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and Mean Low Water. Aberdeen. 18()2-1913.



44 Fishery Board for Scotland.

Table VII.—Range of Tide, or interval between Mean High
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and Mean Low Water. Aberdeen, 1862-1913
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